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Measurement of lung function by spirometry is a standard clinical diagnostic 
and monitoring tool for many respiratory diseases in adults and older children. A 
number of research groups published reference standards for spirometric parameters 
in young Caucasian children. However, there has not been any well-validated 
spirometric reference standard in Asian preschoolers. 
This population-based observational study was performed in ethnic Chinese 
children aged 2-7 years old who attended local kindergartens to establish such 
reference standards. Firstly, clinical information was obtained using the Chinese 
version of International Study of Asthma and Allergies in Childhood questionnaire 
modified and validated for use in local preschoolers. For on-site assessment, standing 
height and weight of children were measured. Incentive spirometry was then 
performed using MasterScreen spirometer (Jaeger GmbH, Wurzburg, Germany), 
which was equipped with animation programmes to encourage forced expiratory 
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attempts by the preschoolers. The spirometer was calibrated on-site daily using a 
1-litre syringe according to American Thoracic Society/European Respiratory 
Society (ATS/ERS) guidelines. Children who consented for the study underwent 
incentive spirometry to measure their forced expiratory lung volumes. 
The training phase of this study was conducted between March and October of 
2009, with the aims to pilot-test the logistics on field work, to finalise the protocol on 
incentive spirometry in local kindergartens and to familiarise research staff with this 
new diagnostic method. One thousand three hundred and seventy one children were 
recruited from 11 randomly selected kindergartens. The success rate was 14.8% (123 
of 832 subjects provided acceptable spirometric data). And within these 123 subjects, 
79 met all the health criteria. The mean (SD) age of 79 children without asthma and 
current wheeze was 4.7 (1.0) years. When compared with girls, boys did not show 
higher forced expiratory volume in 0.5-second (FEV0.5) FEV0.75, FEVi, forced vital 
capacity (FVC) and peak expiratory flow (PEF) (all p > 0.05). FEV0.5/FVC was also 
independent of gender (尸=0.063). 
After modifications of our study protocol, the research phase of this study was 
conducted between November 2009 and July 2010. All Chinese children (n=1889) 
from 13 randomly selected kindergartens were invited. One thousand two hundred 
and forty (65.6%) children returned the study questionnaires, with 1168 agreed to 
ii 
participate in the spirometric testing (i.e. overall participation rate 61.8%). Sixty one 
(4.9%) and 127 (10.2%) children had physician-diagnosed asthma and current 
wheeze respectively, which were similar to the training phase of this study as well as 
the respective local findings. Children with symptoms of upper respiratory infection 
within four weeks (n=319) were also excluded from analysis. The mean (SD) age of 
the remaining 725 healthy children was 4.7 (1.0) years. One hundred and eighty nine 
(26.1%) children were < 4 years old. Their mean (SD; range) Height was 106.7 (8.4; 
78-130) cm and 52.8% of them were boys. Overall, 652 (89.9%) children provided 
acceptable spirometric parameters. The mean (95% confidence intervals [CI]) FEV0.5, 
FVC and PEF were 0.78 (0.76-0.80) L, 1.09 (1.06-1.11) L and 2.29 (2.23-2.34) L/s, 
respectively. These mean values were 17.0%, 5.2% and 15.5% lower than those 
reported in Caucasian preschoolers (Nystad W et al, Thorax 2002). 
From the analysis of the whole database for spirometric references, boys were 
found to have better lung function (FEV0.5, FEV0.75, FEVi, FVC and PEF) than girls 
ip < 0.05 for all). Significant positive correlations were found between lung function 
variables and age, height, weight, sitting height, waist circumference and BMI 
z-score (p < 0.001 for all). The reference standards of forced expiratory lung volumes 
in local Chinese preschoolers were expressed in terms of prediction equations and 
normograms. Since standing height without transformation had the best R-square 
• • • 
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values among all the models, it was used in the prediction equations of various 
spirometric parameters as follows: Spirometric index =a + p x height, where a is the 
intercept and P is the slope. 
For the effects of environmental and early-life factors on these spirometric 
parameters, linear regression revealed that current maternal smoking and maternal 
smoking during infancy were found to be related to lower FVC (p < 0.05 for both). 
For other factors like breastfeeding practice, swimming ever, place of birth, birth 
factors (mode of delivery, birth weight and gestation birth age), indoor environment 
(pets, moulds and others), obesity and underweight were all insignificant associated 
with lung function. 
This study successfully established the spirometric reference standards in 
Chinese preschool children in Hong Kong and evaluated the effects of different 
demographic, anthropometric, early-life and environmental factors on these 










































功能參數(Nystad W et al ‘ Thorax 2002)爲低。 
由整個數據庫分析而來的肺活量參考顯示男童的肺功能參數(首零點五秒 
用力呼氣量，首零點七五秒用力呼氣量，首一秒用力呼氣量’用力肺活量和最 
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Chapter 1: Background and Introduction 
Measurement of lung function is the standard clinical procedure of pulmonary 
medicine in adults and older children. The lung function parameters determined by 
this well-established technique are useful in diagnosis of respiratory diseases, 
assessment and monitoring of patients' clinical status and treatment responses and in 
the surveillance of patients with chronic lung diseases. One of the most important 
applications of lung function measurement in epidemiology is to study the genetic 
and environmental determinants of lung function, and to use lung function to predict 
the subsequent development of diseases or disability. Spirometry is the most widely 
used method for measuring lung function [Cotes JE, 1997; Quanjer PH, 1993]. 
Spirometry is also recommended in the initial assessment of asthmatic patients by the 
Global Initiative for Asthma guideline [Global Initiative for Asthma, 2006]. 
訾产 
Growth curves were already available more than two decades ago for tracking a 
child's spirometric parameters from the age of 6 years [Hibbert ME, 1989; Lebowitz 
MD，1987]. A number of widely used reference standards for Caucasians children 
aged older than 4 were then established [Polgar G，1971; Knudson RJ，1983; Hsu KH, 
1979; Quanjer PH, 1989]. 
There are several inherent difficulties in measuring lung function in preschool 
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children, including their non-compliance with the maneuvers necessary to produce 
consistent flow-volume curves, short attention span, low frustration tolerance, and 
inability to inspire consistently to total lung capacity and exhale completely and 
consistently to zero flow which is highly dependent on the psychomotor maturation 
of the children. 
Incentive spirometry was developed to solve this problem, with visual stimuli 
being the most common source of incentive. There were two common types of 
incentive spirometry: (i) computer animation programmes such as candle blowing 
and bowling playing (e.g. Jaeger GmbH, Wiirzburg, Germany) and (ii) the interactive 
computer-animated system (e.g. SpiroGame; a commercial spirometer ZANIOO; 
ZAN Messgeraete GmbH; Oberthulba，Germany). Both types were proven to 
facilitate learning of young children to perform spirometry [Gracchi V, 2003; Vilozni 
D, 2001; Vilozni D, 2005]. The computer animation programmes provided by Jaeger 
consist of a collection of games with different targets such as the flow-targeted 
candle-blowing and residual volume-targeted bowling playing while the SpiroGame 
is a system that teach subjects on how to perform full FVC maneuver in a 
step-by-step manner. The latter software consists of two games. The first game 
interactively teaches children to differentiate between inhalation and exhalation by 
simulating a caterpillar crawling to an apple over a period of 30 s of tidal breathing. 
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The second game interactively teaches an FVC maneuver by simulating a bee flying 
from flower to flower and over a fence. Breathing targets are therefore initial tidal 
breathing, followed by inspiration capacity, peak expiratory flow and FVC. These 
sequences include all steps that one blows in a FVC maneuver. The major difference 
between the two systems is that the games from Jaeger are usually focused on single 
targets while the SpiroGame includes a multi-target game that teaches all skills 
necessary to perform a spirometry (i.e. deep inspiration, good peak flow and 
prolonged expiration). Their performance in terms of training time, success rate and 
cooperation score were compared in a study [Vilozni D, 2001], which found 
SpiroGame to achieve better success rate while the computer animation programmes 
from Jaeger resulted in shorter training time. The cooperation score rated by 
examiners were similar between these systems. However, since this study only 
compared the candle blowing game from Jaeger with the SpiroGame, the success rate 
and training time thus obtained did not truly reflect the usefulness of the computer 
animation programmes from Jaeger in motivating subjects to performing incentive 
spirometry. 
Recently, several research groups published reference standards for spirometric 
parameters in Caucasian preschool children [Eigen H, 2001; Nystad W, 2002; Pesant 
C, 2007; Zepletal A, 2003]. Table 1 summarises major findings in these studies. 
3 -
Table 1 Characteristics of recent studies that reported reference standards for 
spirometric parameters in Caucasian preschool children 
Age Height; cm � … … � 
Study n Success rate Male (%) 
(Mean士 SD) (Mean土 SD) 
Eigen H, 2001 259 82.6% 5.0士 0.9 108.4 ± 7.8 53% 
Nystad W, 2002 652 92.0% 4.5 109.2 52% 
Pesant C, 2007 143 78.0% 4.8 士 0.6 107.6 ±6.2 48% 
Zepletal A, 2003 279 63.0% 5.1 ± 0.9 114.2 ± 7.3 59% 
The most recent study reported by the Asthma UK Collaborative Initiative 
[Stanojevic S, 2009] collated existing reference data in 3777 young children aged 3-7 
years from 15 centres across 11 countries to produce updated prediction equations 
that span the preschool years and a continuous reference with a smooth transition 
into adolescence and adulthood. Prediction equations of FEVo.75, FEVi, FVC, etc. 
included both height in natural logarithm form and age. For lung function between 
boys and girls, it was found that boys were having better FEVo.75, FEVi and FVC. 
With the aid of animation programmes for measuring lung function, these 
research teams achieved over 80% success rate in obtaining at least two technically 
acceptable maneuvers during 15-minute testing sessions. Despite these exciting 
advances, there has not been any well-validated spirometric reference standard in 
Asian preschoolers. 
The establishment of spirometric reference standards for preschool children 
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allows paediatricians to have earlier evaluation of therapeutic interventions in the 
course of disease. In 2000, Ip et al published the spirometric references for 852 
healthy Hong Kong Chinese school-age children aged 7-19 years old [Ip MS, 2000]. 
This study highlighted the importance of obtaining updated normative values for 
lung function in different ethnic groups, since lung volumes between ethnic groups 
may be significantly influenced by exogenous factors. Therefore, there is a great 
urgency to establish preschool lung function reference standards in Chinese. 
Research teams in mainland China and Taiwan subsequently published different 
preschool lung function references. One study published findings of spirometric 
testing in Chinese preschoolers in Shenzhen [Zhang QL, 2005], and the authors 
found significantly lower spirometric parameters in Chinese than Caucasian children. 
Nonetheless, the findings were weakened by a small sample size (n = 217), the use of 
conventional spirometry instead of incentive spirometry and calibration of spirometer 
was performed with a 3L syringe instead of IL. Another study in Taiwan reported the 
most recent data of lung function parameters in Chinese preschool children [Jeng MJ, 
2009]. The study achieved an 85% success rate, and found standing height to be the . 
main dependent variables of prediction equations for different lung function 
parameters. However, the sample size of this study was only 214 subjects. Thus, 
none of these two published studies completely followed the update ATS/ERS 
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guideline for preschool spirometry [Beydon N, 2007], nor adequately-powered, to 
provide the optimal spirometric reference standards for young Chinese children. 
Community studies from Hong Kong and Singapore showed that spirometric 
parameters in Chinese schoolchildren were up to 12% lower than in Caucasians 
[Connett GJ, 1994; Ip MS, 2000]. A number of factors, mostly related to 
characteristics of body size and shape, were proposed to account for these differences 
[Donnelly PM, 1991]. The larger lung volumes in Caucasians contributed to 
increased numbers of alveoli and larger chest cavities. Our previous population-wide, 
multi-centre survey established the growth and anthropometric reference standards in 
over 10,000 Hong Kong newborns [Fok TF, 2005]. Our newborns were found to 
have smaller chest circumferences than Caucasian babies. This difference in trunk 
anthropometry supports that our young Chinese children have smaller lungs than 
Caucasians, which may influence their lung function. Thus, it is important to 
establish the spirometric standards for preschoolers in our population instead of 
extrapolating the findings from Caucasian children. 
The aims of this project are: (i) to establish the spirometric reference standards 
in Chinese preschool children in Hong Kong; and (ii) to estimate the effects of 
demographic, anthropometric and environmental factors on the measured reference 
standards and the acceptability of spirometric testing. 
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Chapter 2: Subjects and methods 
2.1 Study design and sampling frame 
Using the same methodology as our published studies [Wong GWK, 2004; 
Wong GWK, 2007; Leung, 2009], we randomly stratified all kindergartens registered 
under the Education Bureau according to the four geographic regions in Hong Kong 
(i.e. Hong Kong Island, Kowloon, New Territories East and New Territories West) 
and recruited all subjects within class as a clustered randomised sampling frame. The 
numbers of students in all kindergartens were available in the Bureau's website. To 
avoid sampling bias towards the region that had less population, we recruited 
kindergartens from the four geographic regions in proportion to childhood population 
of the respective region according to 2006 population by-census statistics [Census 
and Statistics Department of Hong Kong SAR, 2008]. The proportions of children 
residing in Hong Kong Island, Kowloon, New Territories East and New Territories 
West were 19.3%, 40.0%, 23.7% and 17.0%, respectively. Sampling according to this 
information ensured our subjects were representative of the local preschool 
population. 
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2.2 Sample size calculation 
In this study, we assumed that local preschoolers would perform spirometry 
with similar acceptability rates as young Caucasian children [Beydon N, 2003; Eigen 
H, 2001; Nystad W, 2002]. The methodology for sample size calculation was shown 
below: 
I. Formulation 
Consider the following regression: Yj = a + pXj + 8i, 
where Y could be FVC or FEVi and X is height. The 95% confidence interval (CI) of 
the mean of Y at x = x � i s : 
让 96cr ! + 
ll “ Sx飞 
In order to constrain the half-width of the 95% CI at xo = ."v to be less than 
0.01 of the predicted value, 
IT A A 一 
1,96叫-< 0.010+ fi x) 
Thus, 
� 1:2 
n > 产；_ 
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II. Computation 
By using data reported in Table 4 of Nystad et al. [Nystad W, 2002]: 
a p cjg X (Prom Aiilim) Ureq 
Girls "FEVT -166 0.0251 0.17 一 111.5 1306 
~FVC -1.93 “ 0.0279 0 . 1 ^ 111.5 I M T 
Boys -2,11 0.0295 0.18 “ 99.2 607 
FVC -2.52 0.0337 0.20 99.2 671 
Therefore, our estimation at the beginning of this study would be to recruit 671 
boys and 1601 girls. The next section will take care of possible failure rates. 
III. Reproducibility 
Based on published reports in Caucasians [Beydon N, 2003; Eigen H，2001; 
Nystad W, 2002], we assumed the following probabilities of preschool children who 
could perform technically acceptable and reproducible spirometry. 
Age (yr) 3 4 5 6 一 
Probability 0.45 0.60 0.75 0.90 
For boys, if we sample "successfully" from each age group evenly, we need to 
recruit: 
671 — 
} u = => n. = J /2 
4(0.45) 
i.e. 372 3-year-old children. Following similar calculations, the required sample size 
for 4-，5- and 6-year-old children will be 280，224 and 187，respectively (i.e. total 
1,063 boys). The respective numbers of 3-, 4-，5- and 6-year-old girls that this study 
9 -
needs to recruit are 890, 667，534 and 445 (i.e. total 2,536 girls). 
The above sample size calculation based on published data in Caucasian 
preschoolers suggested that this study would need to obtain spirometric data from 
3,600 Chinese children (1,063 boys and 2,536 girls) in order to confidently establish 
local reference standards. The marked gender difference in sample size requirement 
was explained by much smaller a and P values for girls compared with boys for both 
FEVi and FVC in the regression equations. Assuming participation rate and 
proportion of wheezing disorders in our subjects were 80% and 15% respectively 
[Leung TF, 2009; Wong GWK，2004; Wong GWK, 2007], this study needed to 
recruit a total of 5,300 children from local kindergartens. If we could achieve a 
higher subject participation rate or found a lower prevalence of coexisting wheezing 
disorders, we might be able to recruit fewer subjects while keeping the final number 
of 3,600 evaluable children. 
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2.3 Study population 
Our research staff firstly contacted principals of eligible kindergartens and 
obtained their permission for us to distribute study information to parents. 
Subsequently, we obtained informed written consent from subjects' parents, and then 
recorded concurrently subjects' demographics, environmental exposures and 
respiratory health status and measured their lung function parameters by incentive 
spirometry. The clinical information was obtained using the Chinese version of 
International Study of Asthma and Allergies in Childhood (ISAAC) questionnaires 
modified and validated for use in local preschoolers [Leung TF, 2007; Wong GWK, 
2007] which were completed by parents or legal guardians of consented children. 
All subjects described by their parents in ISAAC as being in "good health" were 
identified. Children with the following features were excluded from the data analysis 
for spirometric references (e.g. the 'health criteria'):: “ 
1. Gestational birth age < 37 weeks (prematurity) or birth weight < 2.5 kg (low birth 
weight); 
2. The child had personal history of physician-diagnosed asthma, reactive airways 
disease, 'chronic bronchitis', or any significant respiratory disease; 
3. The child gave positive returns for 'current wheeze' or ‘asthma ever' to our study 
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questionnaire; 
4. The child had congenital heart disease that required surgery or long-term 
medications; 
5. There were positive responses concerning other serious chest problems, chest 
surgery, chronic productive cough, and recurrent intractable wheezing; and 
6. Symptoms of respiratory tract infections within 4 weeks before study [Johnston SL, 
1995]. 
We performed spirometry on all study participants concurrently with questionnaire 
collection and only excluded those with the above exclusion criteria at the time of 
statistical analysis. Research staff that performed incentive spirometry were thus 
blinded to the subjects' personal and medical history. It was also not possible for us 
to wait for data entry and analysis of these large numbers of questionnaires before we 
selected the healthy subjects for incentive spirometry to establish our reference 
standards. “ 
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2.4 Subject assessment in participating kindergartens 
The on-site subject assessment was divided into two phases, the training phase 
and the research phase. The training phase lasted from March 2009 to November 
2009. In this phase, the research staff gained experience and technical skills for field 
works with young children and for incentive spirometry. During this phase, we also 
modified the protocols for performing field studies and measuring lung function 
according to local needs. The research phase started from November 2009, soon after 
the academic visit of Dr. Sooky Lum to offer her expertise comments and 
suggestions to improve our study protocols. Dr. Lum is funded by Medical Research 
Council of the United Kingdom to work as research scientist in Portex Respiratory 
Unit, University College London of the Institute of Child Health in London. She is a 
world-renowned expert in childhood lung function testing. The study logistics and 
protocols were then finalised. The main differences between the training and research 
phases are as follows: 
1. Calibration of electronic scale by our staff (biological) and with a notebook 
computer; 
2. Calibration of stadiometer by our staff; 
3. Use different animation programmes to teach and encourage the children to blow 
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into the spirometer; 
4. Perform more trials for each subject (from 6-10 to 10-30); and 
5. More time was given to the younger children aged 2-3 years old. 
In the research phase, two to three research staff visited the participating 
kindergartens to assess the children whose parents agreed to join this study. 
Spirometric measurements were done in a quiet designated classroom in each 
participating kindergarten where the spirometer was calibrated using a 1-litre 
calibration syringe before the testing sessions in the morning and the afternoon. The 
staff also tested the spirometer daily by performing spirometry to ensure there was no 
instrumental error. Ambient calibration was performed before each volume 
calibration. Beside calibration of the spirometer, our staff calibrated Harpenden 
stadiometer and electronic scale (Tanita Body Fat Monitor/Scale Model BF-522W) 
daily. All the above calibrations were recorded on a log book. 
The weight of subjects was measured bare-footed by the electronic scale while 
standing and sitting height by Harpenden stadiometer. Waist circumference was 
measured mid-way between lower costal margin and iliac crest using a tailor tape. 
Subjects' z-scores for body mass index (BMI) were calculated according to published 
local standards [Leung SS, 1998]). Following these procedures, the research staff 
explained the testing procedure and techniques each time to one or two children 
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simultaneously, depending on subjects' age and obedience. This step was done to 
shorten the time required for subject training. We showed these children how to take 
full inspiration and blow out as fast, hard, and long as possible using a pinwheel 
(Figure 2.4a). Their lung function was then measured by incentive spirometry 
(MasterScreen, Jaeger GmbH, Wurzburg, Germany) using animation programmes 
(e.g. bowling playing and candle blowing as installed in the MasterScreen system) 
according to American Thoracic Society/European Respiratory Society (ATS/ERS) 
guidelines [Beydon N, 2007; Miller MR, 2005]. Subjects were in sitting position 
wearing nose clips during spirometry. They were in general allowed a maximum of 
15-minute testing. They finished early if three repetitive and technically acceptable 
curves were obtained. On the other hand, younger children were given more time 
(maximum 30 minutes) due to their lower ability to cooperate. Different cartoon-type 
animation programmes provided excellent motivation for the young children to 
exhale as fast and long as possible into the spirometer. Animation "programmes 
(Figure 2.4b) such as candle blowing encouraged children to initiate an instant and 
forceful expiration whereas bowling playing helped children to exhale long enough 
to their residual lung volume. Using different animation programmes, these young 
children learned to perform acceptable forced expiratory maneuvers. The spirometric 
results, corrected to BTPS and presented in flow-volume curves, were monitored on 
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computer screen to ensure that subjects gave good efforts. 
The following lung function parameters were measured: forced expiratory 
volume in 1 second (FEVi), forced expiratory volume in 0.75 second (FEV0.75), 
forced expiratory volume in 0.5 second (FEV0.5), forced vital capacity (FVC), forced 
expiratory flow when x% of FVC has been expired (FEFx), maximal mid-expiratory 
flow (MMEF) and peak expiratory flow (PEF). The lung function parameters, 
including the flows (PEF, MMEF, etc.), of the best curve (having the highest values 
in the sum of FEV0.5 and FVC) for each subject were reported according to the 
ATS/ERS guideline. These variables were presented as absolute values. 
F 
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Figure 2.4a The pinwheel used to teach the children to blow r I 
Figure 2.4b The candle blowing and bowling animation programmes 
冊• 
Li • I I • 
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2.5 Quality control for spirometric measurements 
At the start of this study, our research staff received training on spirometry from 
an experienced respiratory technician in our Hospital Pulmonary Function 
Laboratory. The staff showed an inter-observer variability of less than 5% for 
spirometry before they proceeded to the field works. 
Following the acquisition of spirometric data, all computer-derived individual 
flow-volume curves were reviewed for technical acceptability according to published 
studies [Beydon N，2003; Eigen H，2001; Nystad W, 2002] and the ATS/ERS 
guidelines [Beydon N, 2007; Miller MR, 2005]• Specifically, flow-volume curve 
efforts were deemed unacceptable in the following situations: 
The criteria shown in Table 2.5 were used to categorise the technical adequacy 
of preschoolers in performing spirometry. All acceptable spirometric data satisfied 
this reproducibility criterion. The highest FEVt, FVC, FEFx，MMEF afid PEF from 
the best maneuver were reported [Beydon N, 2007]. 
Spirometry trials that did not meet all the strict quality control criteria were 
discarded, which explained why we assumed high failure rates and thus large sample 
size for this study at its planning stage (refer to sample size calculation in chapter 
2.2) 
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Furthermore, about 2% of children (15 out of 923) repeated spirometry within 
the testing period (within 3 weeks) of their kindergartens in order to evaluate the 
test-retest reliability of their spirometric efforts. 
Table 2.5 Exclusion criteria (the curve would be excluded if it met one of these criteria) 
1. Start of test criteria 
The back-extrapolated volume (VBE) was greater than 80 ml or 12.5% of 
FVC. 
The curve were re-inspected, but not necessarily be excluded 
2. End of test criteria 
The effort ended abruptly and there was a sharp drop or cessation in flow 
from a point where flow was greater than 10% of peak flow (premature 
termination) 
Report: Timed forced expiratory volumes (FEVt) and PEF 
For with-in ^ …^ 
Do not report: FVC and FEFs 
� maneuver ：—： 
. 3. A rapid rise to peak flow followed by a smooth descending limb cannot 
evaluation: , , , . 
be clearly determined 
4. Did not inhale above tidal volume breathing 
5. In the case of peak flow: 
The top of the curve was rounded 
No distinct peak or more than one peak 
6. Cough, glottic closure, mouthpiece obstruction or air-leak at the mouth 
7. FEVt was larger than forced expired time (FET) ‘ 
i.e. if FET = 0.7 seconds, FEVI did not exist and therefore was not 
reported 
1. Variability with other generated flow-volume curves was evidently 
For high 
between 2. The highest FEV0.5 and FVC values exceeded the second highest 
maneuver values by greater than 10% or O.IL 
evaluation: 
3. PEF of different acceptable curves varied greater than 10% 
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2.6 Statistical analysis 
The demographic data and environmental exposures in different subject groups 
were compared by Student t test or Chi-square test. Spirometric parameters were 
compared between subgroups by environmental exposures (e.g. ETS exposure, 
feeding practice, household cooking method), anthropometry (e.g. obesity by BMI 
z-score) and family history of atopic disorders by Student t test or ANOVA as 
appropriate. 
Multiple regression analysis was used to determine whether significant 
relationship was present between subjects' measured best lung function parameters 
(i.e. FEVO.5, FEVO.75, F E V i , F V C and P E F ) and physical traits (e.g. age, sex, height, 
weight, sitting height, waist circumference and BMI z-score) [Wong GWK, 2004]. 
The models were compared by the explained fraction of the variance (R^). The 
regression models were tested for deviation from linear effects of age,’.height，and 
weight by means of additive models (GAM) [Hastie TJ, 1990] and by including 
square terms of the explanatory variables. An assumption of multiple linear 
regression models was homoscedastic (constant) variance. This assumption was 
checked by smoothing of squared residuals on fitted values by GAM. Alternative 
models in which the lung function measures and/or the explanatory variables were 
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log-transformed and square-rooted were also carried out. The predicted values of 
different spirometric parameters by physical traits were shown using the equations 
with 95% prediction limits and 95% confidence limits. Finally, intra-class correlation 
coefficients were calculated and Bland-Altman plots were also performed to assess 
the overall reproducibility of spirometric parameters. All analyses were performed 
using SPSS version 17.0 (Chicago, IL, USA) while the normograms were plotted 
using the LMS chartmaker version 2.3 (Medical Research Council,.UK). 
The LMS method estimates the measurement centiles in terms of three height 
(or age, weight, waist circumference and sitting height) - and sex-specific cubic 
spline curves: the L curve (Box-Cox power to transform the data follow a normal 
distribution), M curve (median), and S curve (coefficient of variation). In brief, let 
Y(t) denotes an independent positive datum (i.e. lung function parameters) at t height 
(or weight, waist circumference and sitting height) in centimeters or age in years，so 
that the distribution of Y(t) can be summarised by a normally distributed SD score (Z) 
as follows: 
Y ( t ) / M ( t ) ] - 1 
L ( t ) • S ( t ) 
Once the L(t), M(t)，and S(t) have been estimated for each height (or age, weight, 
waist circumference and sitting height) t，the lOOath centile at t height (or age, 
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weight, waist circumference and sitting height) in cm (or years) can be derived from 
C : , o o a ( 0 二 M ( r ) [ l + L ( t 讽 t ) Z J _ ) 
where ZQ is the a centile of the normal distribution. 
The mean, SD, and 5th, 10th, 25th, 50th, 75th, 90th and 95th centiles of lung 
function parameters at different height, age, weight, waist circumference and sitting 
height intervals were computed independently for the male and female subjects. 
Centile charts were constructed using the maximum penalised- likelihood LMS 
method. 
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2.7 Outcome measures 
The primary outcome was to establish reference standards for FEV0.5 and FVC 
in Chinese preschool children, both as prediction equations and normograms. The 
secondary outcomes consisted of the standards for other spirometric parameters as 
described above, and the differences in these spirometric data between subjects with 
different demographic, anthropometric and environmental exposure factors [Wong 
GWK, 2004]. 
23 -
2.8 Participation and role in this study 
In this study, my supervisor decided on the study design and sampling frame of 
the research proposal, which was granted funding supported by the Health and 
Health Services Research Fund of the Hong Kong government. I sought advice and 
guidance from my supervisor to set up the preliminary study protocol. During the 
recruitment of kindergartens, I was responsible for retrieving a territory-wide list of 
eligible kindergartens from the website of Education Bureau, selecting kindergartens 
according to computer-generated randomization codes, contacting principals and 
teachers of chosen kindergartens, discussing the logistics, arrangement and schedule 
of the field works, and solving the problems encountered in working with the 
kindergartens. 
After the distribution and collection of informed consents forms and 
questionnaires from parents through subjects' kindergartens, I and my research 
colleagues, worked together to check for all the missing data in the returned 
questionnaires and answer the questions raised by parents via phone calls. All of us 
then entered questionnaire data into the computer database. Concurrently, one to two 
trained staff and I performed incentive spirometry on all consented subjects followed 
by data entry. I was then responsible for statistical analysis with the assistance of an 
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experienced statistician. 
Throughout the past two years of my postgraduate studies, I also participated in 
scientific meetings and workshops locally and in Vienna, Austria (International 
Congress on Pediatric Pulmonology) to make oral and poster presentations of the 
findings generated from this study. 
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Chapter 3: Results 
3.1 Comparison between the study populations in the training and research 
phases 
There were two phases, the training phase and the research phase, in this study. 
The comparisons shown below did not reveal any difference between the study 
populations in the two phases, but higher success rate was achieved after the 
modifications made between the two phases. 
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3.1.1 Response rate, participation rate and success rate 
Training phase 
In the training phase (Figure 3.1.1a), the subjects' response rate was (949/1371) 
was 69.2% whereas the participation rate (911/1371) and success rate (227/832) were 
66.4% and 27.3% respectively. 
Among 227 subjects who successfully produced at least one acceptable 
spirometric maneuver, 123 met the ATS/ERS criteria. In these 123 subjects, the 
number of subjects excluded by health criteria was summarised in Table 3.1.1a. 
Seventy-nine subjects met both our 'health criteria' and the ATS/ERS criteria for 
acceptability of spirometry in this training phase. This high failure rates to obtain 
spirometric data for our reference standards were not unexpected as there was no 
similar experience of performing incentive spirometry in Hong Kong, and all our 
research staff was new to this specialised technique and in conducting research on 
young children. Because of these reasons, lung function data of these 79 children was 
not used in our analyses for the spirometric reference standards. Nonetheless, our 
research team acquired sufficient skills and experience during this important training 
phase on which to flourish in the subsequent research phase of this study. 
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Fig 3.1.1a Flow chart showing the demographic factors in the training phase 
* include those subjects with 1 acceptable maneuver and 2 acceptable maneuvers 
with difference > 10% 
1371 questionnaires to 11 kindergartens 
I I 
949 returned 422 no response 
I I 
38 non-participants 911 participants 
I I 
79 did not test 832 tested 
I I 
227 with > 1 acceptable maneuver 605 failed 
I I 
123 with > 2 acceptable 104 with < 2 acceptable maneuvers 
maneuveii (within 10%) (difference > 10% but < 15%) * 
I I 
79 meet "good health" criteria 44 did not meet 
Table 3.1.1a Number of subjects excluded by different health criteria in our training 
phase 
. Low birth Asthma Current Symptoms of respiratory tract 
weight ever wheeze infections within 4 weeks before study 
n 13 10 8 13 
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Research phase 
In the research phase (Figure 3.1.1b)，the response rate of subjects (1240/1889) 
was 65.6% whereas their participation rate (1168/1889) and spirometry success rate 
(1037/1132) were 61.8% and 91.6% respectively. 
Among 1037 subjects who successfully provided at least one acceptable 
maneuver, 923 of them met the ATS/ERS criteria for acceptability of their spirometry. 
Some of these 923 subjects were excluded by our health criteria (Table 3.1.1b). 
At the end of the research phase, 539 subjects in 'good health' also met the 
ATS/ERS criteria for acceptable spirometry. Their lung function data was included in 
our analyses to establish the spirometric reference standards for local Chinese 
preschoolers. 
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Fig 3.1.1b Flow chart showing the demographic factors in the research phase 
* include those subjects with 1 acceptable maneuver and 2 acceptable maneuvers 
with difference > 10% 
1889 questionnaires to 13 kindergartens 
I I 
1240 returned 649 no response 
I I 
72 non-participants 1168 participants 
I I 
36 did n o t t e ^ | 1132 tested" 
I I 
1037 > 1 acceptable maneuver 95 failed 
I 1 
923 with > 2 acceptable 114 with < 2 acceptable maneuvers 
maneuvers (within 1Q%) (difference > 10% but < 15%) * 
I ‘ • 
539 meet "good health" criteria 384 did not meet 
Table 3.1.1b Number of subjects excluded by different health criteria in our research 
phase 
. Low birth Asthma Current Symptoms of respiratory tract 
Prematurity 
weight ever wheeze infections within 4 weeks before study 
n 79 84 47 93 197 — 
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3.1.2 Other factors 
Table 3.1.2 summarises the differences in various factors between subjects in 
the two phases. The following six factors were significantly different between these 
two groups i.e. p < 0.05. 
1. Number of subjects with rhinitis ever; 
2. Number of subjects who were born with low birth weight. 
3. Number of subjects who had attended a child care facility or nursery school; 
4. Number of subjects whose families were keeping pets at present; and 
5. Number of subjects having damp spots or visible moulds in home at present 
All other factors such as gender, history of wheeze or asthma ever and maternal 
smoking were not significantly different between the two subject groups. 
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Table 3.1.2 Comparison of factors between the study populations in the training and 
research phases 
Training , 
Factors Research Phase /?-value 
Phase 
Subject Number (n) 949 1240 -
Age (Mean, SD) 4.5, 1.0 4.5，1.1 >0.1 
Height (Mean, SD) 105.5,7.9 105.8,8.7 >0.1 
BMI (Mean, SD) 15.8，2.3 15.8,2.0 >0.1 
Sex (Male, %) 51.70% 54.40% >0.1 
Prematurity: < 37 weeks (n，%) 70，7.9% 114，9.4% >0.1 
Low birth weight: < 2.5 kg (n，％) 57,6.4% 108,8.9% 0.036 
Not born in Hong Kong (n，%) 64,6.8% 97，7.8% >0.1 
Not by normal spontaneous delivery (n, %) 318, 33.5% 459, 37.0% >0.1 
Current wheeze (n, %) 89，9.4% 127, 10.2% >0.1 
Asthma ever (n, %) 64，6.8% 61,4.9% >0.05 
Hospitalization for wheezing or asthma (n，%) 70, 7.4% 80，6.5% >0.1 
Exercise-induced wheeze in past 12 months (n，%) 123, 13.0% 175, 14.1% >0.1 
Night cough in past 12 months (n，％) 249, 26.3% 337, 27.2% >0.1 
Rhinitis ever (n, %) 235,24.8% 358,29.0% 0.032 
Eczema ever (n, %) 299,31.5% 431,34.9% >0.05 
Breast fed ever (n，%) 462,48.7% 656,52.9% >0.05 
Ever go to a child care facility or nursery school (n, %) 129, 13.6% 226, 18.3% 0.004 
Learned swimming (n, %) 206,21.7% 238’ 19.2% >0.1 
Keeping pets now (n，％) 129, 13.6% 122，9.8% 0.006 
Pet keeping during infancy (n, %) 155, 16.3% , 168, 13.5% >0.05 
Lived on a farm ever (n, %) 7’ 0.7% 12, 1.0% >0.1 
Current maternal smoking (n, %) 90，9.5% 118,9.6% >0.1 
Maternal smoking during infancy (n, %) 79，8.5% 92,7.5% >0.1 
Maternal smoking during pregnancy (n, %) 32,3.5% 54,4.4% >0.1 
Current smoking in home (anybody) (n, %) 382，40.3% 487, 39.3% >0.1. 
Current damp spots or visible moulds in home (n, %) 276, 29.1% 445, 35.9% 0.001 
Damp spots or visible moulds in home during infancy ^^ 麗 309, 25.2% >0.1 
(n，%) 
Paracetamol use in past 12 months (n, %) 633, 67.0% 856, 69.3% >0.1 
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3.2 Comparison between participants and non-participants in the research 
phase 
Thirteen kindergartens were recruited in the research phase, and study 
questionnaires were distributed to 1889 children in these kindergartens. Table 3.2a 
summarises the distribution of these subjects according to the four geographic 
regions in Hong Kong. 
Table 3.2a Distribution of preschool children according to the four geographic 
regions in Hong Kong 
�T 1 ^ � . . Census district 
District Number of students District proportion . 
proportion 
Hong Kong Island 103 5.5% 19.3% 
Kowloon 1270 67.2% 40.0% 
New Territories East 187 9.9% 23.7% 
New Territories West ^ 17.4% 17.0% 
Total i m 
Among 1889 eligible children, 1240 returned the study questionnaires. These 
subjects consisted of 1168 participants (94.2%) and 72 non-participants. This chapter 
compared the characteristics between participants and non-participants. The 
following factors were significantly different between these two groups in our 
research phase i.e. p < 0.05 (Table 3.2b): 
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1. Age; 
2. Number of subjects not born in Hong Kong; 
3. Number of subjects with night cough in past 12 months 
4. Number of subjects who had ever attended a child care facility or nursery school; 
5. Number of subjects learned swimming; and 
6. Number of subjects whose families were keeping pets during their infancy. 
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Table 3.2b Comparison of factors between participants and non-participants in the 
research phase 
Factors Participant Non-participant p- alue 
Subject Number (n) 1168 72 -
Age (Mean, SD) 4.6, 1.1 4.3, 1.1 0.024 
Height (Mean, SD) 106.0，8.5 - -
BMI (Mean, SD) 15.8, 1.7 - -
Sex (Male, %) 54.80% 48.60% >0.1 
Prematurity: < 37 weeks (n，％) 107，9.2% 7, 12.7% >0.1 
Low birth weight: < 2.5 kg (n, %) 102, 8.8% 6, 11.3% >0.1 
Not born in Hong Kong (n, %) 96，8.2% . 1,1.4% 0.04 
Not by normal spontaneous delivery (n，%) 433，37.1% 26, 37.1% >0.1 
Current wheeze (n, %) 121，10.4% 6，8.3% >0.1 
Asthma ever (n, %) 58,5.0% 3,4.2% >0.1 
Hospitalization for wheezing or asthma (n, %) 78, 6.7% 2, 2.8% >0.1 
Exercise-induced wheeze in past 12 months (n, %) 168，14.4% 7, 9.7% >0.1 
Night cough in past 12 months (n，％) 330,28.3% 7，9.7% 0.001 
Rhinitis ever (n, %) 343,29.4% 15,21.7% >0.1 
Eczema ever (n，%) 409,35.0% 22,32.4% >0.1 
Breast fed ever (n, %) 624,53.4% 32,45.1% >0.1 
Ever 20 to a child care facility or nursery school 
6 222, 19.0% 4，5.7% 0.005 
(n，％) 
Learned swimming (n, %) 234,20.0% 4,5.6% 0.003 
Keeping pets now (n, %) 117，10.0% 5，6.9% >0.1 
Kept pets during infancy (n, %) 135, 11.6% 33，45.8% <0.001 
Lived on a farm ever (n，％) 12, 1.0% 0,0% >0.1 
Current maternal smoking (n, %) 112,9.6% 6,8.7% >0.1 
Maternal smoking during infancy (n, %) 89，7.6% 3,4.8% >0.1 
Maternal smoking during pregnancy (n，%) 51，4.4% 3, 4.7% >0.1 
Current smoking in home (anybody) (n, %) 462，39.6% 25，34.7% >0.1 . 
Current damp spots or visible moulds in home (n, 5% 19,26.8% >0.05 
0/0) 
Damp spots or visible moulds in home during 溯,^S.So/o 12’ 19.0% >0.1 
infancy (n, %) 
Paracetamol use in past 12 months (n, %) 814, 69.7% 42,61.8% >0.1 
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3.3 Comparison of factors between the subjects who succeed and failed to 
provide acceptable spirometric maneuvers which meet ATS/ERS standards in 
the research phase 
As one can see from Figure 3.1.1b, 923 subjects (79.0%) had spirometric data 
which met ATS/ERS standards. The other 317 subjects did not contribute to the 
spirometric references, with the reasons being: failed to give acceptable spirometric 
data by ATS/ERS standards (n=209), refused to participate (n=72), and did not 
perform spirometry due to different reasons such as dropped out from kindergartens 
after they returned the questionnaires, absent from schools due to sickness or 
traveling during the test period and refused to perform the testing on-site (n=36). 
Table 3.3 shows the differences of different factors between those who 
contributed and did not provide spirometric data in the research phase. The following 
factors were different between these two groups of subjects i.e.p < 0.05; 
1. Age; 
2. Height; 
3. Number of subjects not born in Hong Kong; 
4. Number of subjects with exercise-induced wheeze in past 12 months 
5. Number of subjects with night cough in past 12 months 
36 -
6. Number of subjects learned swimming; 
7. Number of subjects kept pets now; 
8. Number of subjects lived on a farm ever; 
9. Number of subjects having damp spots or visible moulds in home at present; and 
10. Number of subject with paracetamol use in past 12 months 
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Table 3.3 Comparison of factors between the subjects who succeed and failed to provide 
acceptable spirometric data which met ATS/ERS standards in the research phase 
Spirometric data met 
Factors ATS/ERS criteria /?-value 
^ 
Subject Number (n) 923 317 -
Age (Mean, SD) 4.8,1.0 3.9, 1.1 <0.001 
Height (Mean, SD) 107.2, 8.0 101.4，9.5 <0.001 
BMI (Mean, SD) 15.8，1.7 15.9,2.7 >0.1 
Sex (Male, %) 55.00% 52.70% >0.1 
Prematurity: < 37 weeks (n, %) 78, 8.5% 36, 12.2% >0.05 
Low birth weight: < 2.5 kg (n，％) 78, 8.5% 30, 10.2% >0.1 
Not born in Hong Kong (n, %) 86, 9.3% 11,3.5% 0.001 
Not by normal spontaneous delivery (n, %) 339, 36.7% 120，38.1% >0.1 
Current wheeze (n, %) 93, 10.1% 34, 10.7% >0.1 
Asthma ever (n, %) 47,5.1% 14，4.4% >0.1 
Hospitalization for wheezing or asthma (n，%) 64，6.9% 16, 5.1% >0.1 
Exercise-induced wheeze in past 12 months (n, %) 144，15.6% 31, 9.8% 0.011 
Night cough in past 12 months (n, %) 275, 29.8% 62,19.6% <0.001 
Rhinitis ever (n, %) 276, 29.9% 82，26.2% >0.1 
Eczema ever (n, %) 317, 34.3% 114，36.5% >0.1 
Breast fed ever (n，％) 491，53.2% 165, 52.2% >0.1 
Ever go to a child care facility or nursery school (n，％) 168，18.2% 58，18.4% >0.1 
Learned swimming (n，％) 200，21.7% 38，12% <0.001 
Keeping pets now (n，%) 87，9.4% 35，11.0% >0.1 
Pet keeping during infancy (n, %) 101, 10.9% 67，21.1% <0.001 
Lived on a farm ever (n，%) 12, 1.3% 0，0.0% 0.041 
Current maternal smoking (n, %) 88,9.5% 30,9.6% >0.1 
Maternal smoking during infancy (n, %) 70, 7.6% 22, 7.2% >0.1 
Maternal smoking during pregnancy (n, %) 37,4.0% 17, 5.6% >0.1 
Current smoking in home (anybody) (n，%) 372, 40.3% 115，36.3% >0.1 
Current damp spots or visible moulds in home (n, %) 352，38.1% 93，29.4% 0.005 
Damp spots or visible moulds in home during infancy ^^^ ^^ 4 � ^ � 7 5 ^^ 斗。^。 >• ^ 
(n,%) , . 0 ’ . � . 
Paracetamol use in past 12 months (n, %) 654, 70.9% 202，64.5% 0.036 
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3.4 Comparison of lung function parameters between subjects who met and 
failed to meet the health criteria in the research phase 
Among 1037 subjects who provided at least one acceptable maneuver, 923 
(93.2%) of them provided more than one acceptable maneuver in which the best two 
spirometric curves also met the between-maneuver criteria for acceptability. The 
comparison of features in subjects who met and failed to satisfy lung function criteria 
is summarised in this chapter. Besides, only 539 (58.4%) of these 923 children met 
the health criteria. Table 3.1.1b describes the numbers of subjects who were excluded 
because of individual health criteria. 
Tables 3.4.1 to 3.4.5 summarise the univariate analyses of the differences in 
spirometric parameters in subjects with and without a positive return under each of 
our 'health' criteria. 
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3.4.1 Gestational age at birth (< 37 weeks vs > 37 weeks) 
None of spirometric parameters was significantly different in children born 
prematurely and at full term when we analysed the data by independent sample T-test. 
These findings were confirmed by multivariate linear regression (all p > 0.1 for all), 
adjusted for birth weight, current wheeze, asthma ever and history of recent 
respiratory tract infections as covariates. 
Table 3.4.1 Lung function of subjects which met or failed to meet the criteria of 
gestational birth age 
Birth age < 37 weeks Birth age > 37 weeks 
n Mean SD n Mean SD p-value 
FEVO.5 (L) 28 0.823 0.151 539 0.796 0.192 >0.1 
FEVo.75 (L) 28 0.979 0.185 531 0.929 0.219 >0.1 
FEV, (L) 27 1.071 0.208 499 1.007 0.238 >0.1 
FVC (L) 28 1.201 0.261 539 1.107 0.279 >0.05 
PEF (L/s) 28 1.401 0.347 539 1.464 0.459 >0.1 
FEFso (L/s) 28 2.307 0.471 539 2.315 0.641’ >0.1 
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3.4.2 Birth weight (< 2.5 kg vs > 2.5 kg) 
FEVO.5，FEVO.75, FEVI , F V C , P E F and FEF50 were all significantly lower in 
children born with low birth weight when compared with those with normal birth 
weight using independent sample T-test. Multivariate linear regression also 
confirmed such findings {p < 0.001 for FEV0.5 and FEVo.75； P = 0.001-0.002 for other 
parameters) when adjusted for gestational age, current wheeze, asthma ever and 
history of recent respiratory tract infections as covariates. 
Table 3.4.2 Lung function of subjects which met or failed to meet the criteria of birth 
weight 
Birth weight < 2.5 kg Birth weight > 2.5 kg 
n Mean SD n Mean SD p-value 
FEVO.5 (L) 38 0.701 0.187 539 0.796 0.192 0.003 
FEVO.75 (L) 37 0.818 0.215 531 0.929 0.219 0.003 
FEVI (L) 34 0.890 0.237 499 1.007 .0.238 0.006 
FVC (L) 38 0.994 0.294 539 1.107 0.279 0.017 
PEF (L/s) 38 1.244 0.394 539 1.464 0.459 0.004 
FEF50 (L/s) 38 1.998 0.793 539 2.315 0.641 0.004 
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Figures 3.4.2(a), (b) FEV0.5 and FVC of subjects with birth weight < 2.5kg or > 
2.5kg 
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3.4.3 Children with vs without current wheeze 
Table 3.4.3 Lung function of subjects which met or failed to meet the criteria of 
current wheeze 
With current wheeze Without current wheeze 
n Mean SD n Mean SD p-value 
FEVO.5 ( L ) ^ 0.757 0.200 0.796 0.192 >0.1 
FEVO.75 (L) 39 0.884 0.228 531 0.929 0.219 >0.1 
FEV, (L) 38 0.959 0.255 499 1.007 . 0.238 >0.1 
FVC (L) 39 1.062 0.287 539 1.107 0.279 >0.1 
PEF (L/s) 39 1.339 0.411 539 1.464 0.459 >0.05 
FEF50 (L/s) 39 2.265 0.660 539 2.315 0.641 >0.1 
r-
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3.4.4 Children with vs without history of asthma ever 
None of the spirometric parameters differed between those with and without 
current wheeze or asthma ever by univariate or multivariate analyses {p > 0.1 for all, 
exceptp > 0.05 for FVC with asthma ever). 
Table 3.4.4 Lung function of subjects which met or failed to meet the criteria of 
asthma ever 
With asthma ever Without asthma ever 
n Mean SD n Mean SD /7-value 
FEVO.5 (L) 13 0.756 0.173 539 0.796 0.192 >0.1 
FEVo.75 (L) 13 0.889 0.204 531 0.929 0.219 >0.1 
FEV, (L) 12 0.988 0.206 499 1.007 0.238 >0.1 
FVC (L) 13 1.089 0.249 539 1.107 0.279 >0.1 
PEF (L/s) 13 1.349 0.408 539 1.464 0.459 >0.1 
FEFso (L/s) 13 2.106 0.515 539 2.315 0.641 >0.1 
F 
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3.4.5 Children with vs without recent respiratory tract infections (RTIs) 
All of the parameters FEV0.5, FEV0.75, FEVi, FVC, PEF and FEF50 were lower 
in preschool children who had recent RTIs than those without recent RTIs. 
Multivariate linear regression revealed highly significant associations between all 
parameters and history of recent RTIs {p < 0.001 for all) when adjusted for 
gestational age, birth weight, current wheeze and asthma ever as covariates. 
Table 3.4.5 Lung function of subjects which met or failed to meet the criteria of 
symptoms of respiratory tract infections within 4 weeks of study 
With RTIs within 4 weeks Without RTIs within 4 weeks 
n Mean SD n Mean SD /rvalue 
FEVO.5 (L ) 147 0 . 7 2 8 0.199 5 3 9 0.796 0 . 1 9 2 <0.001 
FEVo.75 (L) 146 0.862 0.242 531 0.929 0.219 0.001 
F E V , (L) 132 0 .941 0.241 499 1.007 0.238 0.005 
FVC (L) 147 1.033 0.279 539 1.107 0.279 0.005 
PEF (L/s) 147 1.308 0.444 539 1.464 0.459 ,, <0.001 
FEF50 (L/s) 147 2.031 0.647 539 2.315 0.641 <0.001 
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Figures 3.4.5(a), (b) FEV�.5 and FVC of subjects with or without symptoms of 
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3.5 The test-retest reliability 
Reproducibility test was performed in 15 subjects. FEVq.s and FVC of these 
subjects obtained on two separated days within 3 weeks were analysed for the 
between-day correlations using intra-class correlation coefficients. Bland-Altman 
plots were also performed to test for such correlation. 
The mean differences (SD) of FEVq.s and FVC between day 1 and day 2 for the 
15 subjects were both 0.00 (0.04). 
The Cronbach's Alpha (95%CI) of FEVq.s and FVC between day 1 and day 2 
for these subjects were 0.985 (0.956 - 0.995) and 0.995 (0.987 - 0.998) respectively, 
with both;? <0.0001. 
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Table 3.5 FEV0.5 and FVC of the subjects obtained in different days 
* CV: Coefficients of Variation 
“ FEVO.5 (L) F V C (L) 
Subject Day 1 Day 2 Day 1 Day 2 
1 0.88 0.90 1.30 1.30 
2 0.83 0.81 1.09 1.09 
3 0.92 0.92 1.19 1.22 
4 0.98 0.89 1.57 1.64 
5 0.99 0.97 1.18 1.10 
6 1.02 1.03 1.62 1.63 
7 0.58 0.57 0.81 0.82 
8 0.74 0.72 0.86 0.82 
9 0.56 0.51 1.32 1.37 
10 0.52 0.55 0.77 0.75 
11 0.99 1.00 1.51 1.52 
12 0.93 0.96 1.59 1.53 
13 0.81 0.89 1.02 1.05 
14 0.80 0.76 1.02 1.02 
15 0.71 0.73 0.99 0.99 
Mean 0.82 0.81 1.19 1.19 
SD 0.17 0.17 0.29 0.30 
CV (%) 20.2 20.7 24.2 25.0 
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3.6 Relationship between lung function parameters and demographic, early-life, 
anthropometric and environmental factors in subjects who satisfied both health 
and ATS/ERS criteria in our research phase 
Five hundred and thirty nine children contributed spirometric data towards the 




3.6.1 Demographic factors 
Fifty four percent of 539 children were boys. All spirometric parameters except 
PEF were consistently higher in boys when compared with girls (Table 3.6.1). 
All spirometric parameters in our subjects also increased with increasing age. 
Table 3.6.1 Comparison of lung function of boys and girls 
Boys Girls 
n Mean SD n Mean SD /7-value 
FEVO.5 (L) 291 0.813 0.191 248 0.775 0.191 0.020 
FEVO.75 (L) 288 0.951 0.220 243 0.903 0.216 0.013 
F E V I (L) 271 1.033 0 .240 228 0 .976 0 .232 0 .007 
FVC (L) 291 1.149 0.282 248 1.057 0.267 <0.001 
PEF (L/s) 291 1.470 0.461 248 1.457 0.457 >0.1 
FEF50 (L/s) 291 2.370 0.608 248 2.250 0.672 0.030 
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3.6.2 Early-life factors 
Place of Birth 
Table 3.6.2a showed the spirometric parameters in subjects born outside Hong 
Kong and those bom in Hong Kong. All parameters were consistently higher in 
children who were born outside Hong Kong. Nonetheless, none of these results 
remained significant after adjustment for sex and height as covariates (p>0.05 for 
all). 
Table 3.6.2a Comparison of lung function of subjects born in Hong Kong or not 
Born in Hong Kong Born outside Hong Kong 
n Mean SD n Mean SD p-value 
F E V O . 5 486 0 . 7 8 4 0.189 53 0.901 0.182 <0.001 
F E V O . 7 5 4 7 8 0 . 9 1 6 0 . 2 1 8 5 3 1 . 0 4 4 0 . 2 0 3 < 0 . 0 0 1 
FEVi 447 0.993 0.237 52 1.124 0.213 <0.001 
FVC 486 1.089 0.277 53 1.266 0.246 <0.001 
P E F 486 1.447 0 .449 53 1.620 0.522 <0.001 
FEFso 486 2.273 0.630 53 2.700 0.615 0.009 
f 
Breastfeeding practice 
Three hundred and one (55.8%) children were breastfed after birth. None of the 
lung function variables differed between subjects with and without history of 
breastfeeding (p > 0.1 for all). Neither was lung function associated with the duration 
of breastfeeding (p> 0.1 for all). 
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Mode of delivery at birth 
Three hundred and sixty (66.8%) subjects were born by normal spontaneous 
delivery. This birth factor was not related to any of the spirometric parameters {p > 
0.05 for all). 
Swimming learning 
Table 3.6.2b illustrates the lung function results in relation to reported learning 
to swim. Subjects' FEVo.s, FEVo.75, FEVi and FVC were higher in those who learned 
swimming. However, such differences disappeared when analysed by linear 
regression following adjustment for sex and height {p > 0.05 for all). 
Table 3.6.2b Comparison of lung function of subjects had leamt swimming or not 
Learned to swim Did not learn to swim 
n Mean SD n Mean SD p-value 
FEVO.5 118 0.837 0.198 421 0.784 0.188 0.007 
FEVO.75 116 0.981 0.220 415 0.915 0.217 0.004 
FEVi 112 1.062 0.231 387 0.991 0.238 0:005 
FVC 118 1.183 0.287 421 1.085 0.273 0.001 
PEF 118 1.509 0.492 421 1.451 0.449 >0.1 
FEF50 118 2.414 0.701 421 2.287 0.621 >0.05 
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Maternal smoking 
Twenty (3.7%) children were exposed to maternal smoking during pregnancy 
(whether the mothers stopped smoking after they found they were pregnancy was 
unknown), which did not affect any of their spirometric parameters {p > 0.1 for all). 
Thirty three (6.1%) children were exposed to maternal smoking during their infancy. 
Whereas FVC differed between the exposed and non-exposed groups {p = 0.046), all 
the other spirometric parameters were not different between these two groups {p > 
0.1 for all). The finding for FVC was insignificant after multivariate analysis {p > 
0.1). 
Figure 3.6.2 Comparison of FVC between subjects with/ without exposing to 
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3.6.3 Anthropometric factors 
Univariate analyses revealed significant associations between all spirometric 
parameters (FEV0.5, FEV0.75, FEVi, FVC, PEF and FEF50) and subjects' weight, 
standing height, sitting height, waist circumference and BMI z-score {p < 0.001 for 
all). BMI z-scores were calculated according to 1998 BMI reference curves for 
Chinese children [Leung SS, 1998], which were adjusted for gender and age. We 
defined obesity when subjects' BMI z scores were higher than 2.10 percentile). 
Obesity was not associated with the lung function parameters {p > 0.05 for all). 
Subjects were classified as underweight when their BMI z scores were lower than 
1.36 (5th percentile). Underweight was found to be significantly associated with 
FEVO.5，FEVO.75 and FEF50 (p = 0.026, 0.036 and 0.036，respectively) but not with 
FEVi, FVC and PEF. 
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3.6.4 Environmental factors 
Environmental tobacco smoke exposure 
Two hundred and sixteen (40.1%) children were currently exposed to 
environmental tobacco smoke (ETS). Lung function variables did not differ in 
relation to this factor {p > 0.1 for all). When we limited ETS to subjects' mothers 
(n=42; 7.8%), FVC was significantly lower in those with such exposure (p = 0.036). 
All other parameters did not differ between the two groups (p > 0.1 for all). 
Following adjustment for sex and height, however, the association between current 
maternal smoking and lower FVC became insignificant (p > 0.1). 
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Indoor allergen exposures 
Fifty two (9.6%) and 62 (11.5%) children were keeping pets at home currently 
and during infancy, respectively. Spirometric parameters did not differ in relation to 
these two factors {p > 0.1 for all). On the other hand, FEV0.5’ FVC and PEF were 
significantly different in relation to the current presence of indoor damp spots or 
visible moulds on the walls or ceiling (n=199; 36.9%). The respective ；7-values were 
0.049, 0.012 and 0.039. Nonetheless, we could not find any association between the 
lung function variables and the presence of damp spots or visible moulds on the 
walls or ceiling in subjects' homes during their infancy (n=128; 23.7%) {p > 0.1 for 
all). The current presence of air conditioning (n=442; 82.0%) in subjects' bedrooms 
was also not associated with their lung function variables (p > 0.1 for all). 
9' 
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3.7 Reference standards for incentive spirometry: Reference equations and 
normograms 
Multivariate linear regression analyses revealed spirometric parameters to be 
associated with the following independent variables: age, height, waist circumference. 
(WC) and weight as well as after different transformations of these factors (Tables 
3.7a and 3.7b). 
From Tables 3.7a and 3.7b, we observed that standing height without any data 
transformation was the best fitting variable in the prediction equations for all 
spirometric parameters. R-square values in these tables indicated how well the lung 
function parameters were likely to be predicted by the model, and the best R-square 
value is 1. Residual SD indicated the degree of total variation of lung function 
parameters from the model. Since the R values of FEF50 were too low (0.233 for 
boys and 0.325 for girls), the prediction equations were only formulated for FEV0.5, 
FEVO.75, F E V I , F V C and PEF. 
Table 3.7c describes the estimated spirometric parameters, intercept (a), slope 
, ‘ 
(P), R and residual SD in our 539 pre-school children who contributed to the 
reference standards. 
Overall, lung function predictions were better in girls than boys as reflected by 
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higher R-square values and lower residual SDs in the former sex. 
Figures 3.7a to 3.7e shows the regression graphs with 95% mean prediction 
intervals. And Figures 3.7f to 3.7j describe the individual values and normograms for 
different spirometric parameters as plotted using LMS chartmaker v2.3. From these 
graphs, the separation between and percentile lines were consistent with the 
findings from prediction equations that girls had smaller residual SDs whereas the 
presence of dots closer to the median lines suggested better R-square values. , 







Table 3.7a(i) R-square and residual SD of forced expiratory volumes (FEV0.5, 
FEVo.75 and FEVi) by different forms of independent variables in boys 
FEVO.5 FEVO.75 FEVI 
R2 Residual SD R^ Residual SD R^ Residual SD 
Height O a ^ 0 ^ 5 o T ^ 
Lg Height 0.602 0.120 0.648 0.131 0.682 0.135 
Ln Height 0.602 0.120 0.648 0.131 0.682 0.135 
Sqrt Height 0.605 0.120 0.650 0.130 0.684 0.135 
Weight 0.450 0.139 0.474 0.157 0.487 0.169 
Lg Weight 0.477 0.136 0.507 0.152 0.523 0.163 
Ln Weight 0.477 0.136 0.507 0.152 0.523 0.163 
Sqrt Weight 0.465 0.137 0.493 0.155 0.507 0.166 
Boys 
Age 0.505 0.134 0.535 0.150 0.562 0.159 
Lg Age 0.505 0.134 0.537 0.150 0.563 0.159 
Ln Age 0.505 0.134 0.537 0.150 0.563 0.159 
Sqrt Age 0.507 0.136 0.537 0.150 0.561 0.158 
WC 0.178 0.170 0.187 0.195 0.197 0.212 
Lg WC 0.176 0.170 0.185 0.196 0.196 0.212 
Ln WC 0.176 0.170 0.185 0.196 0.196 0.212 
Sqrt WC 0.177 0.170 0.186 0.196 0.197 0.212 
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Table 3.7a(ii) R-square and residual SD of FVC, PEF and FEF50 by different forms 
of independent variables in boys 
FVC PEF FEF50 
r2 Residual SD R^ Residual SD R^ Residual SD 
Height 0.706 0.153 0.508 0.427 0.233 0.404 
Lg Height 0.702 0.154 0.502 0.429 0.229 0.405 
Ln Height 0.702 0.154 0.502 0.429 0.229 0.405 
Sqrt Height 0.704 0.153 0.505 0.428 0.231 0.404 
Weight 0.508 0.195 0.360 0.477 0.188 0.414 
Lg Weight 0.543 0.188 0.378 0.471 .0.195 0.412 
Ln Weight 0.543 0.188 0.378 0.471 0.195 0.412 
Sqrt Weight 0.528 0.191 0.370 0.473 0.193 0.412 
Boys 
Age 0.587 0.181 0.461 0.447 0.185 0.416 
Lg Age 0.590 0.181 0.460 0.447 0.179 0.418 
Ln Age 0.590 0.181 0.460 0.447 0.179 0.418 
Sqrt Age 0.590 0.180 0.462 0.446 0.182 0.417 
WC 0.202 0.247 0.139 0.553 0.080 0.441 
Lg WC 0.201 0.247 0.135 0.554 0.078 0.441 
Ln WC 0.201 0.247 0.135 0.554 0.078 0.441 
SqrtWC 0.202 0.247 0.137 0.553 0.079 0.441 
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Table 3.7b(i) R-square and residual SD of forced expiratory volumes (FEV0.5, 
FEVo.75 and FEVi) by different forms of independent variables in girls 
FEVO.5 FEVO.75 FEVI 
r2 Residual SD R^ Residual SD R^ Residual SD 
Height 0.690 0.106 0.730 0.112 0.755 0.115 
Lg Height 0.684 0.107 0.725 0.113 0.751 0.116 
Ln Height 0.684 0.107 0.725 0.113 0.751 0.116 
Sqrt Height 0.688 0.107 0.728 0.113 0.753 0.115 
Weight 0.545 0.129 0.546 0.145 0.552 0.155 
Lg Weight 0.564 0.126 0.566 0.142 .0.571 0.152 
Ln Weight 0.564 0.126 0.566 0.142 0.571 0.152 
Sqrt Weight 0.557 0.127 0.558 0.144 0.564 0.153 
Girls 
Age 0.586 0.123 0.609 0.135 0.622 0.143 
Lg Age 0.577 0.124 0.599 0.137 0.612 0.145 
Ln Age 0.577 0.124 0.599 0.137 0.612 0.145 
Sqrt Age 0.584 0.123 0.606 0.135 0.620 0.143 
WC 0.187 0.172 0.180 0.196 0.183 0.210 
Lg WC 0.182 0.173 0.175 0.196 0.179 0.210 
Ln WC 0.182 0.173 0.175 0.196 0.179 0.210 
Sqrt WC 0.185 0.172 0.178 0.196 0.181 0.210 
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Table 3.7b(ii) R-square and residual SD of FVC, PEF and FEF50 by different forms 
of independent variables in girls 
FVC PEF FEF50 
R2 Residual SD R^ Residual SD R^ Residual SD 
Height 0.773 0.127 0.592 0.429 0.325 0.375 
Lg Height 0.767 0.129 0.588 0.431 0.322 0.376 
Ln Height 0.767 0.129 0.588 0.431 0.322 0.376 
Sqrt Height 0.771 0.128 0.590 0.430 0.324 0.375 
Weight 0.570 0.175 0.450 0.498 0.296 0.383 
Lg Weight 0.592 0.171 0.464 0.492 0.302 0.382 
Ln Weight 0.592 0.171 0.464 0.492 0.302 0.382 
Sqrt Weight 0.583 0.173 0.459 0.494 0.300 0.382 
Girls 
Age 0.655 0.157 0.562 0.445 0.278 0.388 
Lg Age 0.645 0.159 0.549 0.452 0.273 0.389 
Ln Age 0.645 0.159 0.549 0.452 0.273 0.389 
Sqrt Age 0.653 0.157 0.558 0.447 0.277 0.388 
WC 0.181 0.242 0.137 0.625 0.110 0.431 
Lg WC 0.176 0.242 0.132 0.627 0.106 0.432 
Ln WC 0.176 0.242 0.132 0.627 0.106 0.432 
Sqrt WC 0.179 0.242 0.134 0.246 0.108 0.432 
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Table 3.7c Regression equations of FEV0.5，FEVo.75, FEVi, FVC and PEF predicted 
by standing height in healthy Hong Kong preschool children* Function: Spirometric 
index = a + p x height 
Spirometric index Sex n Height (cm) a P R^ Residual SD 
FEVO.5, L Boys 291 90.9- 128.0 -1.329 0.020 0.607 0.11972 
Girls 248 83.0- 128.1 -1.382 0.020 0.690 0.10624 
FEVo.75, L Boys 288 90.9- 128.0 -1.604 0.024 0.652 0.12999 
Girls 243 85.2 - 128.1 -1.672 0.024 0.730 0.11231 
FEVi, L Boys 271 90.9- 128.0 -1.811 0.026 0.685 0.13467 
Girls 228 85.2 - 128.1 -1.839 0.026 0.755 0.11480 
FVC，L Boys 291 90.9- 128.0 -2.262 0.032 0.706 0.15288 
Girls 248 85.2- 128.1 -2.142 0.030 0.773 0.12743 
PEF, L/s Boys 291 90.9 - 128.0 -3.878 0.058 0.508 0.42658 
Girls 248 85.2- 128.1 -4.781 0.065 0.592 0.42947 
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Figure 3.7a Regression graphs of FEV0.5 according to standing height in boys and 
girls 
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Figure 3.7c Regression graphs of FEVi according to standing height in boys and girls 
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Figure 3.7d Regression graphs of FVC according to standing height in boys and girls 
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Figure 3.7e Regression graphs of PEF according to standing height in boys and girls 
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Figure 3.7f The normogram of FEVQ.S according to standing height in boys and girls. 
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Figure 3.7g The normogram of FEVo.75 according to standing height in boys and girls. 
The lines represent percentile to percentile. 
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Figure 3.7h The normogram of FEVi according to standing height in boys and girls. 
The lines represent percentile to percentile. 
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Figure 3.7i The normogram of FVC according to standing height in boys and girls. 
The lines represent percentile to percentile. 
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Figure 3.7j The normogram of PEF according to standing height in boys and girls. 
The lines represent percentile to percentile. 
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Chapter 4: Discussions 
This is the first set of spirometric reference standards established for Chinese 
preschool children in Hong Kong. This study randomly recruited 24 kindergartens 
(11 in training phase and 13 in research phase) in all four geographic districts (Hong 
Kong Island, Kowloon, New Territories East and New Territories West) and recruited 
all subjects within the classes. Overall 3260 questionnaires were distributed to 
eligible children in all kindergartens, while 2189 (response rate: 67.1%) returned the 
questionnaires. Two thousand and seventy nine (participation rate: 63.8%) of them 
agreed to participate in this study. 
Since this was the first local study of preschool lung function measurement 
using the technically demanding incentive spirometry, all staff in our research team 
lacked the experience and expertise in conducting the field works. Therefore, our 
group designated the initial months of this study as a training phase th^t allowed us 
to gain hands-on experience for incentive spirometry and communication with 
preschool children, and to finalise the logistics and protocols of this population-based 
study. 
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4.1 Pioneering incentive spirometry in Hong Kong preschoolers: Training and 
research phases 
The on-site assessment in recruited kindergartens was divided into two phases, 
the training phase and the research phase. The training phase lasted between March 
2009 and November 2009. In this phase, the research staff gained sufficient 
experience and improved the protocols for measuring lung function in local young 
children. The research phase started in November 2009, soon after the visit of Dr. 
Sooky Lum to provide us her invaluable suggestions and comments regarding the 
techniques and interpretation of incentive spirometry. The approach and protocols of 
this study were finalised based on the experience we gained as well as her expert 
advice. Specifically, these two phases differed in the following areas: 
1. Calibration of electronic scale with our staff (biological) and a notebook; 
2. Calibration of stadiometer with our staff; 
3. Use different animation programmes instead of one animation programme to 
teach and to encourage the children to blow; 
4. Perform more trials for each subjects (from 6-10 trials in training phase to 10-30 
trials in research phase; one trial involved full inspiration followed by forceful, 
and full expiration); and 
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5. More time was given to younger children (aged 2-3 years). 
The above major differences between these two phases were translated into a 
dramatic difference in the success rates of incentive spirometry. In the training phase, 
only 27.3% of subjects could provide one or more acceptable spirometric maneuver 
while the relevant success rate increased impressively to 91.6% in the research phase. 
Among these 5 factors, the success rate was significantly improved by the two major 
factors of factor 4 (more trials) with factor 5 (more time), together with the improved 
techniques of preschool children in performing incentive spirometry. 
Furthermore, we compared different factors including the anthropometric 
factors, demographic factors, early-life factors and environmental factors of the 
subjects between the two phases. Our analyses revealed that subjects recruited in the 
training and research phases were matched with respect to important factors such as 
sex, height, age, current wheeze, asthma ever and maternal smoking. We can thus 
conclude that the recruitment of subjects in the research phase was free from any 
major bias, and that our subjects were likely to be representative of the local 
preschool population. 
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4.2 Participants and non-participants in the research phase 
In the research phase, 1889 children were invited and 1168 of them gave 
consent to participate in this study (participation rate = 61.8%). Among 721 
non-participants, 72 (10.0%) children returned the study questionnaires. This 
less-than-satisfactory response rate was mainly due to the general unpopularity of our 
study type and concern about privacy of personal data in Hong Kong. The response 
rate might be increased by a change in the study design (see chapter 4.7), but such 
improvement was not made due to the short duration of this study. 
The low participation rate of this study was mainly attributed to the worldwide 
pandemics of human swine influenza since May 2009 [Girard MP, 2010; Schnitzler 
SU, 2009]. This health concern alerted the general public about the issues of 
infection control and hygiene of our proposed study. Accordingly, we observed lower 
tendency of parents to participate into this study. Apart from human swine influenza, 
the local outbreak of hand, foot and mouth disease in the two summer seasons of this 
study also adversely affected subjects' participation rate. 
The distribution of our recruited 1889 children in the four geographic regions in 
Hong Kong was different from those documented in the 2006 population by-census 
[Census and Statistics Department of Hong Kong SAR, 2008; Accessed at 
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http://www.censtatd.gov.hk/hong_kong—statistics/dashboard/index 一e n _ G H S . h t m l ] . 
This was due to the success rate of recruitment of kindergartens in New Territories 
East, New Territories West and Hong Kong Island was much lower than that in 
Kowloon. And we had tried to recruit more kindergartens in New Territories East, 
New Territories West and Hong Kong Island but seemed the effect was not 
significant. 
So, in order to minimise the possible influences of different seasons and districts 
on subjects' environment exposures, we had collected the daily air pollution index in 
the corresponding district from the Hong Kong Environmental Protection 
Department. Besides air pollution, temperature and humidity were controlled by 
air-conditioning in the assessment room. These measures hopefully minimise the 
effects due to f discrepancy in district distribution. 
When comparing between participants and non-participants, we did not observe 
any significant difference in many important factors such as sex, current wheeze, 
asthma ever and exposure to maternal smoking. Given the limitation that only a 
small proportion of non-participants returned the study questionnaires, our findings 
would support that our subjects were representative of the target population. 
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4.3 Subjects who succeed and failed to give acceptable maneuvers which meet 
ATS/ERS standards in the research phase 
In this chapter, the subjects who succeed to give acceptable maneuvers which 
meet ATS/ERS standards in the research phase were compared to those subjects who 
failed to give acceptable maneuvers which meet ATS/ERS standards in the research 
phase, including those rejected to participate in the study and had not performed the 
test due to different reasons. These 2 groups of subjects did not have statistical 
significant differences in important factors like sex, wheeze or asthma ever, maternal 
smoking, etc. This ensured that those subjects succeed to give acceptable maneuvers 
are able to represent the whole preschool population. 
There were some factors showed statistical significant differences between the 
subjects who succeed and failed to give acceptable maneuvers which meet ATS/ERS 
standards in the research phase: ,， 
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Mean age and mean height 
Subjects that succeed to give acceptable maneuvers were older and higher 
which reflected that those older and taller children were having higher success rate 
and this was same as prediction in the sample size calculation based on previous 
studies. 
Place of birth 
Subjects that succeed to give acceptable maneuvers had higher proportion being 
born outside Hong Kong. This might be due to the differences in family education 
and the background culture. Also, the subjects which bom outside Hong Kong were 
mainly come from mainland which were shown statistically significantly older than 
subjects born in Hong Kong and thus having a higher success rate. 
Learned swimming or not ^ 
Subjects that succeed to give acceptable maneuvers had a higher proportion of 
subjects who had learned swimming. Since during swimming, children learned how 
to take a deep breathe which was an important step in spirometric test. Also，the lung 
volumes and lung function might be improved during exercising. 
82 
Factors that may affect the respiratory health 
Subjects that succeed to give acceptable maneuvers were having higher 
proportion of subjects with exercise-induced wheeze in past 12 months, night cough, 
keeping pets now, current damp spots or visible moulds in home and paracetamol use 
in past 12 months. These might be due to the effects of these factors on lung function 
were diminished by the effect of age and height. 
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4.4 The relationship between demographic, anthropometric and environmental 
factors and spirometric parameters in local young children 
In this chapter, we would look into the factors that were suggested by the 
literature to be related to childhood lung function. 
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4.41 Exposures to environmental tobacco smoke and maternal smoking 
Previous studies found that current and past exposure to household ETS 
(including current maternal smoking) led to lower lung function in children 
[Gilliland FD, 2000; Li YF, 2000; Morgan WJ, 1998]. However, our findings did not 
generally support this claim as exposure to smokers at home was not associated with 
differences in spirometric parameters in our young Chinese children. From our phone 
calls, one possible explanation for such finding was that most parents "would not 
smoke in front of their children" which was a long believed saying in Chinese 
families. These parents would instead smoke in balcony or toilets with doors closed 
and ventilating fans switched on at the same time. Thus, parental reporting of ETS at 
home may not reflect the extent of actual exposure to this health hazard in a 
quantitative way. To improve on this drawback, we can collect urine samples from 
subjects for cotinine concentrations. This urinary biomarker was reported to be a 
more reliable indicator of recent ETS exposure [Matt GE, 2006; Senore C，1999]. 
For current maternal smoking and maternal smoking in utero (whether the 
mothers stopped smoking after they found they were pregnancy was unknown) and 
during subjects' infancy, these environmental factors were associated with lower 
FVC but not FEVt, PEF and FEF50. This is expected as the deleterious effects of ETS 
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from subjects' mothers would be most pronounced if they were currently exposed, 
and any ETS exposure in infancy or in utero would probably be much less evident 
when the subjects grew older. Besides, the harm caused by ETS exposure from 
mothers might be more significant than subjects whose fathers smoked because our 
pre-school children usually spent more time with their mothers who took care of their 
daily activities. In addition, the small samples of subjects whose mothers smoked in 
utero (n = 20) would partly explain why we might not detect any harmful effect of 
this factor on our subjects' lung function. 
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4.42 Place of birth 
The lung function of subjects born outside Hong Kong were better than those 
born in Hong Kong (pO.OOl for FEV0.5, FEV0.75, FEVi, FVC and PEF). These 
observations supported the importance of early environmental exposures in 
determining lung development. Differences in climate, ambient pollution and indoor 
exposures among many factors would be markedly different for these subjects right 
after birth although they lived there only briefly for several months. It is likely that 
these early environmental exposures might have already programmed these infants 
regarding their lung function development [Dockery D，2005; Stick S, 2000]. Since 
growth and development are the most rapid during early infancy, deleterious 
environmental factors would lead to the most significant consequences during this 
vulnerable period. For instance, many studies reported the harmful effects of air 
pollution on childhood lung function [Castro HA, 2009; He QQ, 2010; Nordling E, 
2008; Sunyer J, 2009]. Pre-natal exposure to different environments was found to be 
associated with alterations in early lung development [Latzin P, 2009] Also, studies 
showed that children born outside Hong Kong had less food allergy and wheezing 
illnesses [Wong GW, 2001; Leung TF, 2009]，which may further affect the lung 
function. The effect on lung function could be followed in future studies. 
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Furthermore, the relation between place of birth and lung function were found 
become insignificant after adjustment for sex and height as covariates. This might be 
due to the subjects born outside Hong Kong which were mainly come from mainland 
were significantly older than subjects born in Hong Kong and thus having success 
rate and higher values in lung function parameters 
f 
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4.43 Obesity and underweight 
From previous studies, obesity was found to be related to lower FEVt and FVC 
[Jenkins SC, 1991; Spathopoulos D，2009] while underweight was found to be 
related to lower FEVt, FVC, PEF and FEFx [Schachter LM，2001]. In our study, 
obese subjects as defined by BMI z scores higher than 2.10 (95th percentile) did not 
have significant difference in lung function with other children. This finding was 
supported by our linear regression analyses that waist circumference, another 
clinically important anthropometric index of central obesity, was relatively 
unimportant in predicting subjects' spirometric parameters. Obesity was mainly 
caused by an imbalance in dietary intake (unhealthy eating habits) and physical 
exercise (insufficient). As in the situation for the associated cardiovascular 
morbidities, the harmful effects of obesity on childhood lung function may take years 
to develop. It may thus be too early to observe any change in spirometry in relation 
to obesity in our recruited preschool children. For underweight children with BMI z 
score lower than 1.36 (5出 percentile), this study detected similar results as in 
previous studies that underweight was associated with lower FEV0.5, FEVo.75 and 
PEF. This observation could be explained by the fact that underweight children had 
smaller chest circumference and thus- lower lung volumes. Nonetheless, our study 
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was limited under the relevant analyses due to the small numbers of preschoolers 
who were obese or underweight (n = 26 for both). 
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4.44 Breastfeeding practice 
In this study, breastfeeding practice was found not to be associated with 
spirometric parameters. Breast milk is the best nutritional source for newborns and 
infants because of its balanced nutrients and presence of protective antibodies, which 
favoured the growth of baby and enhanced their mucosal immunity and resistance to 
infections. 
In a previous study on breastfeeding and respiratory illnesses, breastfeeding 
seemed to protect against wheezing respiratory illnesses in the first four months of 
life [Wright AL, 1989]. However, our study did not clearly record using 
questionnaires the exact duration of breastfeeding in our subjects. Such information, 
if present, was also subjected to recall bias. Breastfeeding was found to reduce risk 
of asthma up to 8 year and have a beneficial effect on lung function [Kull I, 2010]. 
We shall need to address this issue properly using data from prospective birth 
cohorts. 
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4.45 Factors at birth: mode of delivery, birth weight and gestational age 
Mode of delivery 
Our finding failed to detect any association between the mode of delivery and 
subjects' lung function. This may reflect that the mode of delivery would not affect 
the body growth and development which is the same as previous findings [Bisgaard 
H, 2009; L0drup-Carlsen KC, 1993]. For association between mode of delivery and 
allergies, some previous studies showed that there were no associations [Juhn YJ, 
2005; Maitra A，2004], but there are conflicting evidences on the effect of mode of 
delivery on development of wheeze and allergic sensitization [Negele K，2004]. 
Birth weight 
Our subjects who were born with low birth weight had lower spirometric 
parameters. Birth weight is commonly used to indicate the growth and development 
of fetus in utero. Babies born with low birth weight might thus have smaller body 
size and chest circumference. The latter would reduce their lung volumes and also 
influence their early lung development. Low birth weight might also reflect 
suboptimal maternal nutrition which affected the early growth of infants postnatally. 
This effect of birth weight on childhood lung function was different from a recent 
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study of Chinese schoolchildren [Qi-Qiang H, 2009], but the same as several other 
studies [Hancox RJ, 2009; Hoo AF, 2004; Tan X，2001]. 
Gestational age at birth 
Children born prematurely in this study were found to have similar lung 
function as those who were born at term. With the advances in neonatology, most 
premature babies can now receive excellent care during their early infancy as so to 
optimise their growth and development. On the other hand, earlier studies were 
controversial on this topic. Chinese preterm infants were found to normal lung 
function [Tan X, 2001], whereas another one from Brazil suggested prematurity to be 
associated with lower lung function [Friedrich L, 2007]. In a most recent review of 
studies from 2000 to 2009 [Colin AA, 2010], lung function were lower in infants 
bom very prematurely (i.e. gestational age less than 32 weeks). Those born at 
borderline prematurity (i.e. gestational age 32-36 weeks) were found to,have normal 
lung function. Our study was again limited in such conclusion due to the small 
numbers of children born at extreme prematurity. 
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4.46 Indoor environment: pets, moulds and others 
In this study, pet keeping at home currently or during subjects' infancy as well 
as the current use of air conditioning in their bedrooms were found not to be 
associated with spirometric parameters of young local children. These findings 
showed that exposures to pets and air-conditioning did not affect childhood lung 
function despite the worries that they would increase indoor- allergen levels. A 
previous study reported that pet ownership did not adversely affect lung function of 
children [Lowe LA, 2004]. On the other hand, exposure to pet allergens in sensitised 
asthmatic patients would lead to more severe disease [Langley SJ, 2003]. Concerning 
the presence of indoor damp spots or visible moulds, this study detected lower FVC 
and PEF in subjects with current indoor mold exposure whereas no effect could not 
seen in those exposed during infancy. A previous study also supported indoor 
pollutants like dampness to be associated with abnormal lung development and 
growth in normal children [Surdu S, 2006]. 
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4.5 Evaluation of the test-retest reliability 
Although the reproducibility test was performed only in 15 subjects (limitations 
would be further discussed in chapter 4.8)，the excellent Cronbach's Alpha (close to 
one) with significant p-values (all p < 0.0001) in all of the tests confirmed excellent 
test-retest reliability for these lung function parameters obtained by incentive 
spirometry in local Chinese preschoolers. 
The excellent result also supported that the incentive spirometric data measured 
on two days within three weeks could be comparable even in young children. Thus, 
after establishing the spirometric reference standards, these would be further used as 




4.6 The relationship between the health criteria and spirometric parameters in 
local young children 
In this chapter, we would look into the effects of 'abnormal health' of the 
subjects on their lung function. In chapter 4.4.5, we discussed the possible harms due 
to low birth weight and prematurity. Hence, the present chapter would focus on the 
relationship between current wheeze, asthma ever and recent respiratory infections 
and spirometric parameters. 
Current wheeze 
Current wheeze was found not to be associated with abnormal lung function in 
our subjects. One published study supported that history of wheeze was not 
associated with changes in lung function [Harrison J, 2010]. Two others reported 
subjects with recurrent wheeze to have lower lung function [Borrego LM，2009; 
F 
Chatkin MN, 2008]. An important confounder for this factor would be the frequency 
of wheezing episodes that subjects had within the preceding 12 months. 
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Asthma ever 
History of asthma ever was not significantly associated with lower lung function, 
mainly due to the small number of subjects with asthma ever (n 二 13). The harmful 
effects of asthma on spirometric indices of school-age children and adolescents are 
well known [Borrego LM，2009; Chatkin MN, 2008]. Adults who suffered from 
allergic asthma since childhood were found to have long-term and irreversible lung 
function deficits [Limb SL, 2005]. 
Recent respiratory tract infections (RTIs) 
From chapter 3.4.5，children with RTIs were strongly and significantly 
associated with lower lung function: FEV0.5, FEVo.75, FEVi, FVC, PEF and FEF50 
(all p-values < 0.01). So we excluded those subjects in further analysis. This 
association was seldom proved by other studies, since other studies would perform 
spirometry until the subjects got recovered from RTIs. ^ 
97 
4.7 Spirometric reference standards in Chinese preschool children: 
Comparisons with findings from different ethnic groups 
The accurate comparisons of spirometric references with other ethnic groups 
require the availability of validated reference standards in local preschool children. 
Our study generated novel spirometric references for young Chinese children aged 
2-7 years old in Hong Kong. Prediction equations were formulated using linear 
regression model. As in other populations, standing height was the best 
anthropometric variable to predict different spirometric parameters. The addition of 
other variables such as age, weight and waist circumference in our regression 
analyses did not significantly improve its accuracy. This study also established the 
normograms, between and centiles，in Chinese boys and girls. Such 
information would facilitate the clinical application of incentive spirometry in 
assessing and monitoring young children with different chest diseases. 
When lung function parameters were compared between boys and girls (Table 
4.7a), boys were found to have higher lung function parameters. These findings were 
consistent with those reported by the Asthma UK Spirometry Collaborative Group 
and Norwegians in which FEV0.75，FEVi and FVC were higher in young Caucasian 
boys than girls [Nystad W, 2002; Stanojevic S，2009]. 
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Better lung function parameters such as FEVo.75, FEVi and FVC in boys may be 
explained by the fact that boys are physically more active than girls, and boys with 
more exercise training would have higher expiratory lung volumes. Besides, the 
mean (SD) waist circumference of our boys and girls were 50.4 (5.2) cm and 49.1 
(4.4) cm respectively, meaning that boys had significant larger waist circumference 
than girls (p=0.001). This difference probably implies larger chest wall 
circumference and thus lung volumes in young boys. 
On the other hand, both Asthma UK Spirometry Collaborative Group and our 
study (Table 4.7a) found higher FEV0.5/FVC and FEVi/FVC in preschool girls than 
boys, especially for taller subjects. These ratios also decreased with increasing height 
of children. The latter indices reflect the degree of airflow limitation in the airway, 
which is more pronounced in boys than girls. This gender difference may explain 
higher prevalence of asthma and other wheezing illnesses in boys, and would have 
significant clinical impact in setting different cut-off values for boys and girls in 
order to diagnose obstructive airway diseases. 
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Table 4.7a The comparisons of lung function parameters between boys and girls 
from different studies 
Nystad W, 2002 ~ 
FEVO.5 (L) FEVI (L) F V C (L) FEV0.5/FVC F E V I / F V C 
Height (cm) Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls 
100 0.75 0.75 0.84 0.85 0.85 0.86 0.88 0.87 0.99 0.99 
110 0.96 0.94 1.14 1.10 1.19 1.14 0.81 0.82 0.96 0.96 
120 1.17 1.13 1.43 1.35 1.52 1.42 0.77 0.80 0.94 0.95 
Jeng MJ, 2009 
FEVO.5 (L) FEVI (L) F V C (L) FEV0.5/FVC F E V I / F V C 
Height (cm) Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls 
100 0.67 0.62 0.84 0.81 0.88 0.84 0.76 0.74 0.95 0.96 
110 0.80 0.78 1.06 1.03 1.13 1.09 0.71 0.72 0.94 0.94 
120 0.94 0.95 1.28 1.25 1.38 1.34 0.68 0.71 0.93 0.93 
The Present Study 
FEVO.5 (L) FEVO.75 (L) FEVI (L) F V C (L) P E F (L/s) 
Height (cm) Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls 
100 0.67 0.62 0.80 0.73 0.79 0.76 0.94 0.86 1.92 1.72 
110 0.87 0.82 1.04 0.97 1.05 1.02 1.26 1.16 2.50 2.37 
120 1.07 1.02 1.28 1.21 1.31 1.28 1.58 .1.46 3.08 3.02 
The Present Study 
FEV0.5/FVC FEV0.75/FVC F E V I / F V C 
Height (cm) Boys Girls p-value Boys Girls p-value Boys Girls p-value 
100 0.71 0.72 0.401 0.85 0.85 0.251 0.84 0.88 0.172 
110 0.69 0.71 0.027 0.83 0.84 0.052 0.83 0.88 0.052 
120 0.68 0.70 0.082 0.81 0.83 0.036 0.83 0.88 0.034 
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In order to compare lung function references, Table 4.6 summarises the 
prediction equations in different published studies [Eigen H，2001; Nystad W, 2002; 
Zepletal A, 2003]. From this Table, FVC of Chinese preschoolers predicted by the 
present study was similar to and even higher than that of Caucasian preschoolers 
predicted by other studies. While for FEVi, FEVi of Chinese preschoolers predicted 
by this study was lower than that of Caucasian preschoolers predicted by other 
studies. This result suggests that lung capacity of Chinese and Caucasian 
preschoolers is similar during young age while the lower FEVi may be due to 
different ambient pollution and life style. 
Furthermore, our normograms for FEVi and FVC in relation to standing height 
for both boys and girls were overlapped with those recently reported in Caucasian 
children [Stanojevic S, 2009]. Figures 4.6a to 4.6d revealed that FEVi and FVC of 
local preschool children were higher than those of Caucasians at the same height. 
This observation might be due to the use of animation programmes as 'incentive' in 
our study which provided excellent motivation for young children to exhale as fast 
and long as possible into the spirometer. Incentive spirometry has already been 
shown to improve spirometric readings [Vilozni D, 2005]. 
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Table 4.7b Comparisons of predicted FEVi and FVC values published in different 
studies 
Values for 
Study Race Sex Prediction equation , , ^ ^ 110 cm 
The Present Study Chinese FEVi = -1.811 + 0.026 x height 1.05 L 
Boys 
FVC = -2.262 + 0.032 x height 1.26 L 
• FEVi = -1.839 + 0.026 x height 1.02 L 
irs FVC = -2.142 + 0.030 x height 1.16L 
Eigen H, 2001 White In FEVi = -12.26 + 2.63 x In height 1.11 L 
Caucasian - in FVC =-13.63 + 2.95 x In height 1.27 L 
American 
Nystad W, 2002 White FEVi = - 2.11 + 0.0295 x height 1.14 L 
Boys 
Caucasian FVC = -2.52 + 0.0337 x height 1.19 L 
Norwegian FEVi =-1.66 + 0.0251 x height 1.10 L 
Girls 
FVC = -1.93 + 0.0279 x height 1.14 L 
Zepletal A, 2003 White In FEVi = -12.06 + 2.58 x In height 1.07 L 
Caucasian - . ^ 
In FVC = -12.88 + 2.77 x In height 1.15 L 
Czech 
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Figure 4.7a to 4.7d Normograms of FEVi and FVC according to standing height in 
boys and girls. The curves represent to 95^ percentiles, and the two thick lines 
indicated readings that correspond to percentile (lower limit of normal) and 
percentile in the published Caucasian study [Stanojevic S，2009]. 
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4.8 Drawbacks and limitations of this study 
Low subject participation rate 
The low response rate of eligible children from kindergartens to return their 
study questionnaires resulted in inadequate sample sizes in analysing the effects of a 
number of environmental, anthropometric and personal factors. This problem may be 
solved by adopting a different study logistics. For example, our research staff can 
firstly distribute the study questionnaires to subjects' parents and ask them to fill in 
and return these questionnaires. We shall then distribute the informed consent forms 
for children to perform incentive spirometry. This alternative strategy may increase 
the response rate for the return of study questionnaires as well as the participation 
rate for lung function testing. According to feedback from some parents, they refused 
their children to join our study just because they did not want to answer the 15-page 
questionnaires. Although the separation in distributing informed consent forms and 
study questionnaires might increase the subject participation rate, it would increase 
the time required for such distribution and collection. We would need a longer 
duration of field works should we followed this alternative strategy to improve the 
subject participation rate. 
We hypothesised that the low subject participation rate in this study might 
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increase the degree of. dispersion of data (i.e. percentiles) around the medians in 
normograms and thus the lower precision of normograms in predicting lung function 
parameters. Thus, the actual lower limits of normal in these normograms as defined 
by the percentile lines might be higher than what we found with the present 
sample size. Using the percentiles of current normograms to classify abnormal 
volumes, we might detect a smaller number of subjects with diminished forced 
expiratory lung volumes and thus an under-diagnosis of lung diseases in these 
preschool children. However, since the standard deviations (i.e. data dispersion) of 
lung function parameters predicted by the prediction equations (Table 4.8a) were 
much lower than those assumed in our sample size calculation (chapter 2.2), the 
number of subjects needed to achieve adequate power would be less than what we 
initially stated in the sample size calculation. The success rates of incentive 
spirometry among different age groups (Table 4.8b) were also much higher than what 
we expected (chapter 2.2). These factors would minimise the deleterious effects of 
our lower subject recruitment rate on validity of the established spirometric reference 
standards. 
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Table 4.8a The standard deviations (SD) of lung function parameter predicted by the 
prediction equations and estimated SD in our sample size calculation 
Lung function . . , … 
SD from prediction equations Estimated SD 
parameters 
Boys FEVi 0.13 0.17 
FVC 0.15 0.19 
Girls FEVi 0.12 0.18 
F ^ ^ 0.20 
Table 4.8b Success rates of incentive spirometry in children of different ages 
Age (Year) Success rate in this study Success rate estimated 
3 73.6% 45.0% 
4 84.0% 60.0% 
5 89.7% 75.0% 
6 97.1% 90.0% 
Inability of young children to give best expiratory effort 
Another uncontrollable factor was the inability of subjects to cooperate for 一 
incentive spirometry. Young children aged 2-3 years old were too young to 
understand commands and cooperate with forceful and sustained expiration. Our 
staff could not guarantee that they had tried their best to perform exhalation. All we 
could do was to encourage these young preschoolers to try exhalation with greater 
efforts than what they breathed normally. 
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Accuracy of data in study questionnaires 
Parents might misinterpret the questions about chest symptoms such as cough 
and runny nose as well as intercurrent illnesses such as cold and flu. Other parents 
might find it difficult to recall early-life factors such as duration of breastfeeding and 
presence of indoor molds in infancy. Furthermore, parents of children not taken care 
of by themselves might find it difficult to answer some of these practical or everyday 
questions. On the other hand, these issues were somehow expected in this large-scale 
population-based study because the study questionnaire based on ISAAC was 
originally designed and validated to be a self-administered one [Coultas DB，1989; 
Ronchetti R, 1994]. The bias due to this problem should not be significant as many 
variables were collected in a structured and standardised way. 
Problems with cooperation from the kindergartens 
In contrast to other studies, this community study was carried out in the 
f 
kindergartens instead of in the hospital or laboratory. Therefore, we need to follow 
the time limit set by the kindergartens. This issue did not provide us with sufficient 
time to perform reproducibility test in a larger group of children. 
Some kindergartens would offer a school teacher to help us with spirometry for 
their students, but their generosity might affect our study protocols. These teachers 
108 
might be too 'enthusiastic' in urging their students to blow into the spirometer, and 
such good-will action could induce emotional stress or upset of the subjects. Some 
teachers might take photographs for their students, which invariably distract children 
from following the cartoon animation of incentive spirometry. Some teachers also 
asked us to allow more time for their students to rest between maneuvers but which 
might lower subjects' attention span. 
Limitations of a cross-sectional study 
Lastly, our group was aware of the limitation due to the cross-sectional nature of 
this study. Longitudinal study with prospective data collection is a better option to 
generate results that address the exact relationship between clinical variables and 
childhood lung function. On the other hand, it would be difficult to request a cohort 
of mostly healthy children to be followed for secular changes in their lung function 
for several years. Despite this hurdle, we are now considering the possibility to 
prospectively track the changes of spirometric parameters in these young children in 
order to identify factors that influence the 'growth' of their lung function. 
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4.9 Future research directions 
With the availability of spirometric reference standards in Chinese, it is now 
feasible for researchers to investigate the association between childhood lung 
function and other independent variables such as ambient air pollution. For instance, 
air pollution index (API) is publicly accessible from the website of the Hong Kong 
Environmental Protection Department. We may retrieve such data so that we can 
analyse the possible deleterious effects of outdoor pollutants on the objective 
spirometric parameters of local young children. In addition, we can collect urine 
samples to measure cotinine levels which can serve as an objective biomarker of 
recent ETS exposure. This additional data would allow us to better assess the 
relationship between ETS and childhood lung function. 
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Chapter 5: Conclusions 
This pioneering population-based study makes use of incentive spirometry to 
establish the spirometric reference standards in Chinese preschool children in Hong 
Kong. The prediction equations for FEVQ.S, FEVo.75, FEVI , F V C and P E F were based 
on standing height without any data transformation which was the best fitting 
variable in the prediction equations for all spirometric parameters. We also evaluate 
the effects of different demographic, anthropometric, early-life and environmental 
factors on these spirometric indices. Following our pilot testing in the training phase, 
our group was able to perform in the research phase several thousand incentive 
spirometry in these young children. The study questionnaires allow us to collect 
epidemiological information about demographic, anthropometric and environmental 
factors of a large group of preschool children in Hong Kong. Prospective studies are 
needed to replicate and confirm our findings and to track the secular changes in lung 
function of local children. 
I l l 
References 
Beydon N，Davis SD, Lombardi E, et al. An official American Thoracic 
Society/European Respiratory Society statement: pulmonary function testing in 
preschool children. Am J Respir Crit Care Med 2007;175:1304-45. 
Beydon N，Pin I，Matran R，et al. Pulmonary function tests in preschool children with 
asthma. Am J Respir Crit Care Med 2003;168:640-4. 
Bisgaard H, Loland L，Hoist KK, et al. Prenatal determinants of neonatal lung 
function in high-risk newborns. J Allergy Clin Immunol 2009;123:651-7, el-4. 
Borrego LM, Stocks J，Leiria-Pinto P, et al. Lung function and clinical risk factors 
for asthma in infants and young children with recurrent wheeze. Thorax 
2009;64:203-9. 
Castro HA, Cunha MF, Mendonya GA，et al. Effect of air pollution on lung function 
in schoolchildren in Rio de Janeiro, Brazil. Rev Saude Publica 2009;43:26-34. 
112 
Census and Statistics Department of Hong Kong SAR. 2006 Population by-census 
statistics. Accessed at 
http://wwxenstatd.gov.hk/hong_kong_statistics/dashboard/index_en_GHS.html (26 
June 2008). 
Chatkin MN, Menezes AM, Macedo SE，et al. Asthma and lung function in a birth 
cohort at 6-7 years of age in southern Brazil. J Bras Pneumol 2008;34:764-71. 
Colin AA，McEvoy C, Castile RG. Respiratory morbidity and lung function in 
preterm infants of 32 to 36 weeks' gestational age. Pediatrics 2010;126:115-28. 
Connett GJ, Quak SH，Wong ML, et al. Lung function reference values in 
Singaporean children aged 6-18 years. Thorax 1994;49:901-5. 
Cotes JE, Chinn DJ, Reed JW. Lung function testing and reference values for forced 
expiratory volume (FEVI) and transfer factor (TL). Occup Environ Med 
1997;54:457-65. 
113 
Coultas DB，Peake GT，Samet JM. Questionnaire assessment of lifetime and recent 
exposure to environmental tobacco smoke. Am J Epidemiol 1989;130:338-47. 
Dockery D，Skerrett P，Walters D，et al. Effects of Air Pollution on Children's Health 
and Development - A Review of the Evidence. Geneva, World Health Organization, 
2005;108-133. 
Donnelly PM, Yang TS，Peat JK, et al. What factors explain racial differences in lung 
volumes? Eur Respir J 1991;4:829-38. 
Eigen H, Bieler H，Grant D，et al. Spirometric pulmonary function in healthy 
preschool children. Am J Respir Crit Care Med 2001;163:619-23. 
Fok TF, Hon KL, Wong E, et al. Trunk anthropometry of Hong Kong Chinese infants. 
Early Hum Dev 2005;81:781-90. 
Friedrich L，Pitrez PM, Stein RT，et al. Growth rate of lung function in healthy 
preterm infants. Am J Respir Crit Care Med 2007;176:1269-73. 
114 
Gilliland FD，Berhane K，McConnell R，et al. Maternal smoking during pregnancy, 
environmental tobacco smoke exposure and childhood lung function. Thorax 
2000;55:271-6. 
Girard MP, Tarn JS, Assossou OM，et al. The 2009 A (HlNl) influenza virus 
pandemic: A review. Vaccine 2010;28:4895-902. 
Global Initiative for Asthma. Global Strategy for Asthma Management and 
Prevention 2006. Available from the website: www.ginasthma.org. 
Gracchi V, Boel M，van der Laag J，et al. Spirometry in young children: should 
computer-animation programs be used during testing? Eur Respir J 2003;21:872-75. 
Hancox RJ, Poulton R, Greene JM, et al. Associations between birth weight, early 
childhood weight gain and adult lung function. Thorax 2009;64:228-32. 
Harrison J, Gibson AM, Johnson K，et al. Lung function in preschool children with a 
history of wheezing measured by forced oscillation and plethysmographic specific 
airway resistance. Pediatr Pulmonol 2010;45:1049-56. 
115 
Hastie TJ, Tibshirani RJ. Generalized additive models. London: Chapman & Hall， 
1990. 
He QQ，Wong TW, Du L, et al. Effects of ambient air pollution on lung function 
growth in Chinese schoolchildren. Respir Med 2010;104:1512-20. 
Hibbert ME, Lannigan A, Landau LI, et al. Lung function values from a longitudinal 
study of healthy children and adolescents. Pediatr Pulmonol 1989;7:101-9. 
Hoo AF，Stocks J, Lum S，et al. Development of lung function in early life: influence 
of birth weight in infants of nonsmokers. Am J Respir Crit Care Med 
2004;170:527-33. 
Hsu KH, Jenkins DE，Hsi BP, et al. Ventilatory functions of normal children and 
young adults - Mexican-American, white, and black: I. Spirometry. J Pediatr 
1979;95:14-23. 
116 
Ip MS, Karlberg EM, Karlberg JP, et al. Lung function reference values in Chinese 
children and adolescents in Hong Kong. I. Spirometric values and comparison with 
other populations. Am J Respir Crit Care Med 2000;162:424-9. 
Jeng MJ, Chang HL, Tsai MC, et al. Spirometric Pulmonary Function Parameters of 
Healthy Chinese Children Aged 3-6 Years in Taiwan. Pediatr Pulmonol 
2009;44:676-82. 
Jenkins SC, Moxham J. The effects of mild obesity on lung function. Respir Med 
1991;85:309-11. 
Johnston SL, Pattemore PK, Sanderson G，et al. Community study of role of viral 
infections in exacerbations of asthma in 9-11-year-old children. BMJ 
1995;310:1225-9. 
Juhn YJ, Weaver A, Katusic S, et al. Mode of delivery at birth and development of 
asthma: a population-based cohort study. J Allergy Clin Immunol 2005;116:510-6. 
117 
Knudson RJ, Lebowitz MD, Holberg CJ. Changes in the normal maximal expiratory 
flow-volume curve with growth and aging. Am Rev Respir Dis 1983;127:725-34. 
Kull I，Melen E, Aim J, et al. Breast-feeding in relation to asthma, lung function, and 
sensitization in young schoolchildren. J Allergy Clin Immunol 2010;125:1013-9. 
Langley SJ, Goldthorpe S, Craven M, et al. Exposure and sensitization to indoor 
allergens: association with lung function, bronchial reactivity, and exhaled nitric 
oxide measures in asthma. J Allergy Clin Immunol 2003;112:362-8. 
Latzin P, Roosli M, Huss A, et al. Air pollution during pregnancy and lung function 
in newborns: a birth cohort study. Eur Respir J 2009;33:594-603. 
Lebowitz MD, Holberg CJ, Knudson RJ, et al. Longitudinal study of pulmonary 
function development in childhood, adolescence, and early adulthood. Am Rev 
Respir Dis 1987;136:69-75. 
Leung SS，Cole TJ, Tse LY, et al. Body mass index reference curves for Chinese 
children. Ann Hum Biol 1998;25:169-74. 
118 
Leung TF, Yung E, Wong YS, et al. Parent-reported adverse food reactions in Hong 
Kong Chinese preschoolers: epidemiology, clinical spectrum and risk factors. Pediatr 
Allergy Immunol 2009;20:339-46. 
Li YF, Gilliland FD, Berhane K, et al. Effects of in utero and environmental tobacco 
smoke exposure on lung function in boys and girls with and without asthma. Am J 
Respir Crit Care Med 2000;162:2097-104. 
Limb SL, Brown KC, Wood RA, et al. Irreversible lung function deficits in young 
adults with a history of childhood asthma. J Allergy Clin Immunol 2005;116:1213-9. 
L0drup-Carlsen KC, Carlsen KH. Lung function in awake healthy infants: the first 
five days of life. Eur Respir J 1993;6:1496-500. 
Lowe LA, Woodcock A, Murray CS, et al. Lung function at age 3 years: effect of pet 
ownership and exposure to indoor allergens. Arch Pediatr Adolesc Med 
2004;158:996-1001. 
119 
Maitra A, Sherriff A, Strachan D, et al. Mode of delivery is not associated with 
asthma or atopy in childhood. Clin Exp Allergy 2004;34:1349-55. 
Matt GE, Quintana PJ, Liles S, et al. Evaluation of urinary trans-3'-hydroxycotinine 
as a biomarker of children's environmental tobacco smoke exposure. Biomarkers 
2006;11:507-23. 
Miller MR, Hankinson J，Brusasco V, et al, on behalf of ATS/ERS Task Force on 
Standardisation of Lung Function Testing. Standardisation of spirometry. Eur Respir 
J 2005;26:319-38. 
Morgan WJ. Maternal smoking and infant lung function. Further evidence for an in 
utero effect. Am J Respir Crit Care Med 1998;158:689-90. 
Negele K, Heinrich J, Borte M, et al. Mode of delivery and development of atopic 
disease during the first 2 years of life. Pediatr Allergy Immunol 2004;15:48-54. 
Nordling E, Berglind N, Melen E, et al. Traffic-related air pollution and childhood 
respiratory symptoms, function and allergies. Epidemiology 2008;19:401-8. 
120 
Nystad W, Samuelsen SO, Nafstad P, et al. Feasibility of measuring lung function in 
preschool children. Thorax 2002;57:1021-7. 
Pesant C，Santschi M，Fraud JP, et al. Spirometric Pulmonary Function in 3- to 
5-Year-Old Children. Pediatr Pulmonol 2007;42:263-71. 
Polgar G, Promadhat V. Standard values. In: Pulmonary function testing in children: 
techniques and standards. Philadelphia: W.B. Saunders; 1971:87-212. 
Qi-Qiang H, Tze-Wai W, Lin D, et al. Birth weight and lung function in a cohort of 
Chinese school children. Pediatr Pulmonol 2009;44:662-8. 
Quanjer PH, Stocks J, Polgar G, et al. Compilation of reference values for lung 
function measurements in children. Eur Respir J 1989;(Suppl 4):184S-261S. 
f 
Quanjer PH, Tammeling GJ，Cotes JE, et al. Standardized lung function testing: Lung 
volumes and forced ventilatory flows. 1993 update. Eur Respir J 1993;16:14-40. 
121 
Ronchetti R, Bond E, de Castro G，et al. Relationship between cotinine levels, 
household and personal smoking habit and season in 9-14 year old children. Eur 
Respir J 1994;7:472-6. 
Schachter LM，Salome CM, Peat JK，et al. Obesity is a risk for asthma and wheeze 
but not airway hyperresponsiveness. Thorax 2001;56:4-8. 
Schnitzler SU, Schnitzler P. An update on swine-origin influenza virus A/HINI: a 
review. Virus Genes 2009;39:279-92. 
Senore C, Ponti A, Colombo A, et al. Urinary cotinine as indicator of exposure to 
passive smoking. Epidemiol Prev 1999;23:392-8. 
Spathopoulos D，Paraskakis E, Trypsianis Q et al. The effect of obesity on 
f 
pulmonary lung function of school aged children in Greece. Pediatr Pulmonol 
2009;44:273-80. 
122 
Stanojevic S, Wade A, Cole TJ, et al. Spirometry centile charts for young Caucasian 
children: the Asthma UK Collaborative Initiative. Am J Respir Crit Care Med 
2009;180:547-52. 
Stick S. Pediatric origins of adult lung disease. 1. The contribution of airway 
development to paediatric and adult lung disease. Thorax 2000;55:587-94. 
Sunyer J. Lung function effects of chronic exposure to air pollution. Thorax 
2009;64:645-6. 
Surdu S, Montoya LD, Tarbell A, et al. Childhood asthma and indoor allergens in 
Native Americans in New York. Environ Health 2006;5:22. 
Tan X, He Q, Ding D. The effects of low birth weight, gestational age on lung 
function in childhood. Zhonghua Jie He He Hu Xi Za Zhi 2001;24:276-9. 
Vilozni D, Barak A, Efrati 0, et al. The role of computer games in measuring 
spirometry in healthy and "asthmatic" preschool children. Chest 2005;128:1146-55. 
123 
Vilozni D, Barker M，Jellouschek H, et al. An interactive computer-animated system 
(SpiroGame) facilitates spirometry in preschool children. Am J Respir Crit Care Med 
2001;164:2200-5 
Wong GW, Ko FW, Hui DS, et al. Factors associated with difference in prevalence of 
asthma in children from three cities in China: Multicentre epidemiological survey. 
BMJ 2004;329:486. 
Wong GW, Hui DS, Chan HH, et al. Prevalence of respiratory and atopic disorders in 
Chinese schoolchildren. Clin Exp Allergy 2001 ;31:1225-31. 
Wong GW, Leung TF, Ko FW, et al. Declining asthma prevalence in Hong Kong 
Chinese schoolchildren. Clin Exp Allergy 2004;34:1550-5. 
Wong GW, Leung TF, Ma Y, et al. Symptoms of asthma and atopic disorders in 
preschool children: prevalence and risk factors. Clin Exp Allergy 2007;37:174-9. 
124 
Wright AL, Holberg CJ，Martinez FD, et al. Breast feeding and lower respiratory 
tract illness in the first year of life. Group Health Medical Associates. BMJ 
1989;299:946-9. 
Zepletal A, Chalupova J. Forced Expiratory Parameters in Healthy Preschool 
Children (3-6 Years of Age). Pediatr Pulmonol 2003;35:200-7. 
Zhang QL，Zheng JP, Yuan BT, et al. Feasibility and predicted equations of 





. . “ 
Appendices 
• . 
> • • • • 
‘：.. 
. . . . . . . • • . . 
� ' . . . . • 
.. . . . . . . � • . . » • • • . . . . , . • ‘ - � . • � -
. . . . . . . . . 
•. . . 
. - • � � . . . 
... _ . , 
• ‘ • 
• . . . . > 
• ‘ • . ‘ . 
• • • . • 
I , � . : . . ’ . . . . . . . . . . . ’ . • • 
I： •. 
Kv •. 
_ . : . : . . . � . . . . . • ‘ 
. . “ - . . 
» ‘ � � . . . . . . . -P.-： • . . . . . . . � . ’ > . . 
‘• . . . • . • . • “ If-- . . , . » • . . . , , , . . . - ’ - . ‘ - - ' 
S- .. / - • ' . ； 1 2 6 . . 
‘ . . . . . . . . . •-•r , , “ . .，入广 辨:•, .. , ‘ . . .. .  , . . - • _ / ‘ •‘ • � . . . • 
Appendix I: Invitation letter 



















的支持與協助 °如貴校對此調查有任何查詢’歡迎致電 2 6 3 2 
2981聯絡本人。謝謝！ 
此致 
X X X幼稚園校長 
香港中文大學兒科學系 
梁廷勳教授謹敌 
. .二零零九年 X月 X X曰 
Y2n 
(Date) 
Fax and Mail 
The Principal 
(Name, address and fax number of kindergarten) 
Dear Principal, 
I am writing to you to invite the students of your school to participate in a very important 
and meaningful territory-wide survey entitled "Establish spirometric standards for Hong 
Kong preschool children". 
As you know, The Chinese University of Hong Kong has an excellent track record of 
research on childhood respiratory and allergy problems. Asthma is the most common 
chronic lung disease in young children. This problem may also be increasingly common in 
Hong Kong. However, the most accurate assessment method for asthma in young children 
remains to be determined. 
In order to solve the above questions and to investigate the possible causes for asthma in 
local young children, we hope we can invite the parents of your kindergarten students to 
fill out a simple questionnaire. We will bring the questionnaires to your school for 
distribution to the parents, and collect them one week later. 
Following this, our study staff will visit your school to perform simple spirometry on 
these students. All these children need to do is to blow into the machine, which can 
then accurately evaluate their lung function. This survey will not affect the regular 
activities of your school. 
After we finish with the data analysis, we shall send you a summary report on respiratory 
and allergy problems for your school. This information will allow your school to better 
understand the extent of these problems in your students. 
For the health of our children, we sincerely hope that your school will participate in this 
important survey. 
Please fill out and fax the attached reply form along with a responsible teacher whom 
we will be able to contact regarding this survey. I look forward to receiving your 
favourable reply. If you have any question related to this survey, please do not hesitate to 
call me at 2632 2981. 
Yours sincerely, 
Dr. Ting-fan Leung 
MBChB，MD, MRCP(UK), FRCPCH, FHKCPaed, FHKAM(Paed) 
Professor 
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Appenix II: Reply form 
The Chinese University of Hong Kong 
Department of Paediatrics 
Health Survey 2009 
Reply Form 
To: Professor Ting-fan Leung 
Department of Paediatrics 
The Chinese University of Hong Kong 
(fax no.: 2636 0020) 
We will participate in this Health Survey 2009，entitled "Establish spirometric 
standards for Hong Kong preschool children". 
School: 
Principal: 
Signature: . . . 
F 
Please provide the following information in order to allow us to arrange for the 
school visit and the delivery of study questionnaires: 
Contact person: 
Post of contact person: 
Contact telephone number: 
Contact fax number: 
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聯络電話：2632 2829 或 2632 1054 
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THE CHINESE UNIVERSITY OF HONG KONG 
Faculty of Medicine 
Department of Paediatrics 
Health survey 2009 on 
"Establish Spirometric Standards for Hong Kong Preschool 
Children" 
Consent form and information sheet 
We are inviting your child to take part in the above important territory-wide survey 
about child health in Hong Kong children, with the approval from your child's school. 
About 25 kindergartens in Hong Kong will be taking part in this survey, and all 
classmates of your child are being invited to take part. This survey is being carried out 
in randomly selected kindergartens in Hong Kong. Your child will be given a 
questionnaire via school teacher. You are kindly requested to complete this 
questionnaire and return it to the school teacher within one week. Your child's 
questionnaire will be handled confidentially; only a code number will be entered in our 
computer database for data analyses. 
At a later stage, our study staff will visit your child's school to measure lung function 
of study participants, including your child. All you child needs to do is to blow into a 
spirometer which will tell how well your child breathes. The study staff will also 
collect 10-ml urine from each child for assessing their passive smoking exposure from 
the environment. This urine sample may be stored in a confidential way for future 
testing on issues related to local child health. This survey will not involve any drug 
testing. 
If you agree to your child taking part in the survey, please sign the consent form below 
and return it to your child's class teacher. ” 
The information obtained from your child will be kept strictly confidential, and will 
not be released to a third party without your prior approval. You can also withdraw 
your child from this study at any time without giving any explanation. Please contact 
us if you want to obtain any further information about this survey. 
Dr. T. F. Leung (principal investigator) 
Contact address: 
Department of Paediatrics, Prince of Wales Hospital, Shatin, N.T., Hong Kong 
Phone: 2632 2829 or 2632 1054 
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CHINESE UNIVERSITY OF H O N G K O N G 
Faculty of Medicine 
Department of Paediatrics 
Health survey 2009 on 
"Establish Spirometric Standards for Hong Kong Preschool 
Children" 
CONSENT FORM 
I *agree / do not agree for my child to participate in this survey. 
Name of student: 
Name of parent/guardian: 
Relationship with student: 
Signature of parent/guardian: 
Contact phone no •: ； 
Name of witness: 
Signature of witness: -
Date: 
* Please delete where appropriate. 
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Appendix IV: ISAAC questionnaire 
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二零零九年 X 月 X X 日 
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孩子的父親 [ 3 孩子的母親 O 其 他 O 
9 
2.塡寫問卷的日期： 2009年 I I 月 I I 日 
1-12 1-31 99 
3.孩子的姓名： I 
must not be missing 
4 .孩子就讀的學校： I “ 
must not be missing 








8 . 孩 子 是 ： 華 人 m i 非 華 人 9 
1 r 
請註明：I 
char 50 NO 
9.孩子是男孩或女孩？ 
男 d i 
女 D 9 
135 
10.孩子在何時出生？ I I 年 I I 月 I I 曰 
2001-2007 1-12 1-31 9999/99 
11.孩子的年齡是： I I 歲 
0-7 99 
12.孩子是否在香港出生？ 
是 O i 請註明地點：I I 
char 50 
NO 
否 0 • 請註明孩子遷往香港時的年齡： 
9 
年齡： I I 歲 I I 個 月 
0-7 99 0-12 99 
(若孩子在1歲1 0個月大時遷往香港， 
就應在方格塡上1歳1 0個月0 ) 
13.孩子是否經自然分娩出世？ 
g 請註明分娩孩子的方法•• 
否 1 3 ^ 經鉗取出 [ 3 
‘ 經真空吸出 D 
•經剖腹〔開刀〕取出 [ 3 9 
14.孩子的母親是否在香港出生？ ” 
是 D 
否 O — — • 請 註 明 地 點 • • I 
9 char 50 NO 
15.孩子的父親是否在香港出生？ 
是 D 
否 O —•請註明地點： I 
9 char 50 NO 
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16.孩子出生時，母親有多少歲？ I I 歲 
10-98 99 
不知道 • 





沒有 [3/2 0 / 2 
小學 [>2 [>2 
中學 [3/2 • l / 2 
大學/專上學院 01/2 0/2 
其他技術訓練（請註明） 0 / 2 ( J 0 / 2 ( ) 




沒有 O •【如沒有，請跳往問題 ( 2 5 ) ] 9 
20.孩子在何時開始有發出喘聲、氣緊或He He聲？ 
I歲 I I個月 
0-7 99 0-12 99 
(若孩子在1歲10個月大時開始有以上病徵，就應在方格塡上1歲10個月。) 
21.過去12個月內，孩子的胸部有沒有發生喘聲、氣緊或He He聲？ ‘ 
有 
沒有 0 •【如沒有，請跳往問題（25 ) � 9 
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22.過去12個月內’孩子曾有過多少次喘聲或氣緊？ 
沒有 Q i 一至三次 O 
四 至 十 二 次 O 十 二 次 以 上 O 9 
23.過去12個月內，孩子平均有多少晚是因爲這些氣緊而從睡眠中醒過來？ 
從沒有因氣緊而從睡眠中醒過來 [ 3 
平均每星期少於一晚 O 




沒有 D 9 
25.孩子過往有沒有透過醫生或院方得知患上哮喘？ 
有 [ 3 
沒有 D 9 
26.孩子過往有沒有透過醫生或院方得知患上氣管敏感？ 
有 D 
沒有 D 9 
27.孩子過往有沒有因氣喘而入住醫院？ ” 
有 D 
沒有 D 9 
28.孩子過往除了氣喘之外，有沒有因爲肺部不適入住醫院？ ‘ 
有 D 
沒有 D 9 
1 3 8 
29.孩子過往有沒有服用過氣喘（哮喘或氣管敏感）藥物？ 
有 D 
沒 有 [ 3 9 
30.過去12個月內，孩子有沒有服用過氣喘（哮喘或氣管敏感）藥物？ 
有 D 
沒 有 E i 9 
31.過去12個月內，孩子運動時或運動之後，胸部有沒有發生喘聲或咳嗽？ 
有 [Hi 
沒有 D 9 
32.過去12個月內，孩子在泳池內嗅到氯氣氣味時，胸都有沒有發生喘聲或咳嗽？ 
有 [Hi 
沒有 e t 9 
33.過去12個月內，孩子在泳池游泳時，胸部有沒有發生喘聲或咳嗽？ 
有 D 
沒有 D 9 
34.過去12個月內，除了患上傷風或肺部受感染的時候，孩子晚上有沒有乾咳？ 
有 D 














沒有 H i 9 
38.過去12個月內，上列鼻部不適怎樣影響孩子的日常牛活？ 
毫無影響 O i 
些微影響 ‘ 
相當影響 O 
嚴重影響 [ 3 9 
39.過去12個月內，孩子在泳池游泳後，上列鼻或眼部不適等問穎有否變得嚴重？ 
有 [ 3 
沒有 O 9 
40.孩子有沒有曾經患上鼻敏感？ 
有 [ 3 
沒有 O 9 
41.孩子有沒有一些痕疼持續半年或以上都未消散？ 
有 [ 3 
沒有 [ 3 •【如沒有，請跳往問題（48)� 9 
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42.在孩子一歲前，這種痕疼有沒有發作？ 
有 D i 
沒有 O 9 
43.過去12個月內，這種痕疼有沒有發作？ 
有 
沒有 0—"•【如沒有，請跳往問題（48)】 9 
44.過去12個月內，•痕瘆有沒有影響以下身體部位：手肘內側、膝頭後面、腳躁 
前面、臀部下端、頸、耳朵或眼睛四週？ 
有 O i 
沒有 D 9 
45.過去12個月內，這種痕疼有沒有完全消散？ 
有 D 
沒有 D 9 
46.過去12個月內，孩子平均有多少晚是因爲這種痕疼而不能入睡？ 
過去12個月內從沒有 O i 
平均每星期少於一晚 0 2 
平均每星期一晚或多於一晚 9 
47.過去12個月內，孩子在泳池游泳後，這種痕疼有否變得嚴重？ 
有 D i 
沒有 O 9 
48.孩子過往有沒有曾經患上濕疼？ 
有 [ 3 
沒有 O 9 
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49.孩子現在有否戒吃某些食物？ 
有 Q J如果是“有”的話，請塡寫這 
沒有 O 
g L char 50 NO 
50.孩子過往有沒有曾經患上食物敏感？ 
有 D 
沒有 D 9 
51.孩子過往有沒有透過醫生或院方，得知患上食物敏感？ 
有 D 
沒有 Q _•【如沒有，請跳往問題（57)】 9 
52.孩子過往有沒有因對食物產生不良反應而入住醫院？ 
如果是“有”的話，共入院冬少 
有 Ell • 一次 [Hi 
沒有 C k - 次 O 
9 三 次 0 3 
多於三次 D ^ 
53.過去12個月內’孩子曾有過多少次對食物的不良反應？ 
•有 CHi 一次 [Ik 兩次 
三 次 [ 3 四 次 或 以 上 [ 1 1 5 9 
54.過去12個月內，孩子有沒有因對食物產生不良反應而入住醫院？ 
有 O • ! 如 果 是 “ 有 ” 的 話 ， 過 往 共 入 院 冬 少 次 ？ 
沒有 O —次 D 
9 兩次 O 
三次 Q 
多 於 三 次 D _ 9 
55.過去12個月內，上列食物不良反應怎樣影響孩子的日常生活？ 
沒有影響 O i 些微影響 o 
相當影響 0 3 嚴重影響 O 9 
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56.請註明孩子過往對食物產生的不良反應(可以選擇多於一個答案）： 
食物名稱： 皮膚出疼 D i 皮膚腫脹 O 
char 50 NO ， f ^ t g Q J t — [ 3 
肚篇 O 呼吸困難 O 
過敏性休克 D 其他反應 0 8 9 
食物名稱： 皮膚出瘆 D i 皮膚腫脹 O 
char 50 NO 卩區卩土 , { ^ P g Q s H：® D 
肚瀉 O 呼吸困難 O . 
過敏性休克 D 其他反應 O 9 
食物名稱： 皮膚出瘆 Oi 皮膚腫脹 o 
char 50 NO 卩區吐 ’ f ^ P g Q Q t 
肚瀉 O .呼吸困難 De 




否 n 2 若答案是“是” 
m K •有多久？ 
9 少於6個月 D 
6至少於12個月 Da 
12個月或以上 O 9 
孩子有多久是只用母乳，而沒有添加其他食物或飲料餓養？ 
少於2個月 [ 3 
2至少於4個月 IZN 
4至少於6個月 [ 3 
6個月或以上 D 9 
58.孩子有多少個哥哥或姐姐？ 









否 O 若答案是“是" 
是 D • 1 
9 首次入讀是在何年齡？ I歲 I個月 
0-7 99 0-12 99 
(若孩子在2歲8個月大時入讀過托兒所或育嬰院， 
就應在方格塡上2歲8個月。) 
入讀多久？ 少於6個月 D 
6至 1 2個月 C i 
多於 1 2個月 IDs 9 
61.孩子有否學習游泳？ 
、,相门 若答案是“有” 
沒 有 L i 
D i • 孩子最初習泳時有多大？ 
9 1歲前 D 
1歲至 2歲 O 
• 3歲或以後 9 
孩子多數習泳的地點爲： 
室內泳池. D i 
室外泳池 O 
海灘 O 
其他 D 9 
過去12個月內，孩子平均習泳的次數爲： 
每週3次或以上 [ 3 
每週 1至 2次 [112 
每月 1至 3次 [113 


























哮喘 O a 
鼻敏感 D / z 







現 在 人 0 - 9 8 99 
^ J M ^ — M m A 0-98 99 
67.你有否在家中飼養下列寵物？（可以選擇一個或以上的答案） 
現在 在孩子一歲前 
狗 13/2 Ol/2 
貓 0 2 [3/2 
其他有毛寵物 01/2 0/2 
雀 鳥 0 / 2 0 / 2 
其他（請註明） [>2 ( ) 0/2 ( ) 
char 50 NO char 50 NO 
沒有 0/2 0/2 
68.孩子是否經常接觸到下列戶外動物？（可以選擇一個或以上的答案） 
現在 在孩子一歲前 
狗 r~ii/2 门1/2 
貓 r~ii/2 r~ii/2 
農場動物 E k [111/2 
其他有毛寵物 0/2 0/2 
沒有 [3 / 2 0/2 
69.孩子過往有沒有在農場居住？-
沒 有 0 •【如沒有，請跳往問題（71 )】 
有 D • 
9 若答案是“有”的話，在農場居住時，孩子的年齢是？ 
_ 有 沒有 
1歲之前 D i D 9 
1至 2歲 D O 9 
2歲之後 D [ i 9 
現在 O D ^ 
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70.你在農場從事那一種活動？ 
當孩子在1歲之前的時候： 有 沒有 
農 業 耕 種 O O 9 
飼 養 禽 畜 D 0 2 9 
當孩子在1至2歲的時候： 有 沒有 
農 業 耕 種 [ 3 O 9 
飼 養 禽 畜 D o 9 
當孩子在 2歲之後的時候：有 沒有 
農 業 耕 種 D o 9 
飼 養 禽 畜 O l O 9 
現在： 有 沒有 
農 業 耕 種 D O 9 
飼 養 禽 畜 [ 3 O 9 
71.孩子的母親是否吸煙？ 
有 沒有 
現 在 D i O 9 
在 孩 子 一 歲 前 口！ O 9 
懷 孕 著 孩 子 的 時 候 [ 3 [ i 9 
72.現在和孩子居住的人有沒有吸煙？ 
沒 有 o 
右 门 . I 話，每天在家裏吸多少枝煙？ 
^ U 1 ^ 少 於 1 0 枝 D 
9 1 0 至 2 0 枝 o 




電力 口“之 0/2 
煤氣 /石油氣 IZll/Z [3/2 
煤 /木柴 O 0 / 2 





煤氣/石油氣 C k 0 / 2 
油 [3/2 0/2 
電力 [>2 0/2 
煤 [111/2 [3/2 
木柴 0/2 01/2 
不知道 [>2 0/2 
沒有用燃料取暖 13/2 01/2 
75.孩子的家裏有沒有冷氣機？ 
沒有 如果是“有”的話，是安裝在：（你可以潠擇多個答案) 
有 n i • 客廳 Oi)? 
“ I 孩子的睡房 01/2 
76.孩子家裏的天花板或牆壁是否有潮濕或發霉的痕跡？ 
有 沒有 
現在 D O 9 
在孩子一歲前 D D 9 
77.孩子的睡房是用那種地面？ 
現 在 _ 在孩子一歲前 
地 K [111/2 [3/2 
木地板/地磚 0/2 0/2 
其他（請註明） O ( ) . 0 / 2 ( ) 
char 50 NO char 50 NO 
78.孩子是用那種枕頭？ 
現在 在孩子一歲前 
棉花 Di/2 [3 /2 
乳膠 0/2 01/2 
人工合成纖維 ^1/2 0/2 
习习毛 [111/2 0/2 
沒有用枕頭 [>2 0/2 
其他（請註明） [>2 ( ) 0/2 ( ) 
char 50 NO char 50 NO 
148 
7 9 . 孩 子 是 用 那 種 被 子 ？ 
現在 在孩子一歲前 
棉花 [ I k 0 / 2 
人工合成纖維 0/2 0/2 
羽毛 [111/2 0/2 
毛賣毛 1111/2 ^1/2 
其他（請註明） [>2 ( ) 0/2 ( ) 
char 50 NO char 50 NO 
8 0 . 你是否因爲孩子的哮喘或過敏 r 口，題而做出以下轉變？ 
放 棄 養 寵 物 否 O 
是 D——•若答案是“是”的話’ 
9 在孩子I 歲。 
0-7 99 
停 止 或 減 少 吸 煙 否 o 
是 D — — • m m “是” m ’ 
9 在孩子I I 歲 ° 
0-7 99 
換 另 一 種 床 單 ， 被 舖 或 枕 頭 否 [112 
是 D——•若笞案是“是”的話， 
9 在孩子I 1 歲。 
0-7 99 
停 止 或 減 少 在 泳 池 游 泳 否 o 
.是 D — — • 若 答 案 - “ 是 ” 严 ， 
9 在孩子I ~ ~ I 歲。 
0-7 99 
( 若 你 在 孩 子 2 歲 大 時 因 他 / 她 的 過 敏 問 題 而 做 出 以 上 轉 變 ， 就 應 在 方 格 塡 上 2 歲 。 ） 
8 1 . 過 去 1 2 個 月 內 ， 孩 子 有 沒 有 服 用 止 痛 、 退 燒 藥 ？ （ 例 如 ： 「 必 理 痛 」 ） 
力 女 门 如果是“有”纖，次數平均有多 
、丫又有 L|2 平均一年至少一次 O i 
0 平均一個月至少二次 9 
9 
8 2 . 孩 子 的 體 重 ： — 公 斤 / 膀 * 和 身 高 ： 厘 米 / 吸 * ( 請 選 擇 適 當 的 量 度 單 位 ） 
1.0-99.8 50-200 99.9 
*****問卷完，多謝閣下參與此項調查***** 
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Health Questionnaire 2009 
1. Who has answered this questionnaire? 
Father • 
Mother • 
Other person 口 
2. Date of answering this questionnaire: day month year 
3. Your child's name: 
4. Your child's school name: 
5. Your child's class in the school: 
6. Your address: 
7. Your telephone no.: 
8. Your child's race: Chinese 口 Others 口 
I 
Please specify: 
9. Is your child a boy or a girl? 
Boy • 
Girl C 
10. When was your child born? day month year 
11. Your child's age: 
12. Was your child born in Hong Kong? 
Yes • 
No • If no, in which place? 
If no, how old was your child when he I she 
immigrated to Hong Kong? 
Age: years months 
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13. Was your child born by normal spontaneous delivery? 
Yes • 
No • — If no, which was the method of delivery? 
By forceps 口 
By vacuum extraction • 
By caesarean section (operation) 口 
14. Was the mother born in Hong Kong? 
Yes • 
No • -> If no, in which place? 
15. Was the father born in Hong Kong? 
Yes • 
No • If no, in which place? 
16. What was mother's age at the birth of your child? 
Age: years 
Don't know 口 
17. What was father's age at the birth of your child? 
Age: years 
Don't know • 
18. What is the education level of the child's parents? 
Mother Father 
Nil • • 
Primary school 口 • 
Secondary school • [ 
College / University • • 
Other professional training 口 口 
Core questions 
19. Has your child ever had wheezing or whistling in the chest at any time in the past? 
No • — (Please skip to Question 25) 
Yes C 
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20. How old was your child when the first attack of wheezing occurred? 
Approximate age : years months 
21. Has your child had wheezing or whistling in the chest in the past 12 months? 
No • — (Please skip to Question 25) 
Yes • 
22. How many attacks of wheezing has your child had in the past 12 months? 
None • 
1 to 3 • 
4 to 12 • 
more than 12 • 
23. In the past 12 months, how often, on average, has your child's sleep been disturbed 
due to wheezing? 
Never woken with wheezing • 
Less than one night per week 口 
One or more nights per week 口 
24. In the past 12 months, has wheezing ever been severe enough to limit your child's 
speech to only one or two words at a time between breaths? 
Yes • 
No • 
25. Has any doctor or hospital told you that your child has asthma? 
Yes • 
No • 
26. Has any doctor or hospital told you that your child has "allergic bronchitis"? 
Yes • 
No • 




28. Apart from wheezing, has your child ever been hospitalized for chest discomfort? 
Yes • 
No • 




30. Has your child taken any medicine for wheezing (or asthma or "allergic bronchitis") in 
the past 12 months? 
Yes • 
No • 
31. In the past 12 months, has your child's chest sounded wheezy during or after exercises 
(running or playing)? 
Yes [ I 
No • 
32. In the past 12 months, has your child coughed or his/her chest sounded wheezy when 
he smell chlorine in swimming pool? 
Yes • 
No • 
33. In the past 12 months, has your child coughed or his/her chest sounded wheezy during 
or after swimming in swimming pool? 
Yes • 
No • 
34. In the past 12 months, has your child had a dry cough at night, apart from a cough 
associated with a cold or chest infection? 
Yes • 
No • 
Questions 35-39 refer to your child's condition when he/she DID NOT have common cold. 
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35. Has your child ever had a problem with sneezing or a running or blocked nose when he 
I she DID NOT have a cold or the flu? 
No • (Please skip to Question 40) 
Yes • 
36. In the past 12 months, has your child had a problem with sneezing or a running or 
blocked nose when he I she DID NOT have a cold or the flu? 
No • -> (Please skip to Question 40) 
Yes • 
37. In the past 12 months, has this nose problem been accompanied by itchy-watery eyes? 
Yes • 
No • 
38. In the past 12 months, how much did this nose problem interfere with your child's daily 
activities? 
Not at all • 
A little n 
A moderate amount 口 
A lot • 
39. In the past 12 months, did the above nose or eye problem worsen after your child swim 
in swimming pool? 
Yes • 
No • 
40. Has your child ever had rhinitis? 
Yes • 
No • 
41. Has your child ever had an itchy rash which was conning and going for at least 6 
months? 
No • — (Please skip to Question 48) 
Yes • 




43. Has your child had this itchy rash at any time in the past 12 months? 
No • -> (Please skip to Question 48) 
Yes • 
44. Has this itchy rash in the past 12 months affected any of the following places: 
the folds of the elbows, behind the knees, in front of the ankles, under the buttocks, or 
around the neck, ears or eyes? 
Yes • 
No • 
45. Has this rash cleared completely at any time during the past 12 months? 
Yes • 
No • 
46. In the past 12 months, how often, on average, has your child been kept awake at night 
by this itchy rash? 
Never in the last 12 months 口 
Less than one night per week 口 
One or more nights per week 口 




48. Has your child ever had eczema? 
Yes • 
No • 
49. Does your child avoid eating any food at present? 
Yes • — If yes, list the food(s) 
No • 




51. Has your child ever been told by doctor that he/she had food allergy? 
Yes • 
No • — (Please skip to Question 57) 
52. Has your child ever been hospitalized because of adverse reaction to foods? 
Yes • -> If yes, how many times? 
One • Two 口 
Three 口 More than three 口 
No • 
53. How many times did your child show adverse reaction to foods in the past 12 months? 
None n One 口 Two 口 
Three 口 Four or more • 
54. Has your child been hospitalized because of adverse reaction to foods in the past 12 
months? 




More than three • 
No • 
55. In the past 12 months, how much did the above adverse food reactions affect your 
child's daily life? 
Not affected 口 
Somewhat affected 口 
Quite a bit affected 匸 
Extremely affected • 
56. Please specify your child's reaction(s) to the above foods (may choose more than one 
answers): 
Food: Skin rash 口 Skin swelling 口 
Vomit I nausea • Tummy pain • 
Diarrhoea • Cough I difficult breathing • 
Shock • Others 口 
Food: Skin rash • Skin swelling 口 
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Vomit / nausea 口 Tummy pain • 
Diarrhoea 口 Cough I difficult breathing 口 
Shock • Others • 
Food: Skin rash 口 Skin swelling • 
Vomit I nausea • Tummy pain • 
Diarrhoea 口 Cough I difficult breathing 口 
Shock • Others • 
(Please add sheets if your child showed reactions to more than 3 foods) 
57. Was your child ever breast fed? 
Yes • -> If yes, for how l _ ? • 
Less than 6 months • 
6 - less than 12 months • 
12 months or longer • 
No n 
If yes, for how long was your child breast fed without adding other foods or juices? 
Less than 2 months • 2 — less than 4 months • 
5 - less than 6 months 口 6 months or longer [ 
58. Does your child have any older brothers or sisters? 
Yes • -> If yes, how many? 
No • 
59. Does your child have any younger brothers or sisters? 
Yes • — If yes, how many? 
No • 
60. Did your child ever go to a child care facility or nursery school? 
Yes • If yes, from what age? years 
If yes, for how long? 
Less than 6 months • 
6 - 1 2 months 口 
More than one year 口 
No • 
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61. Has the child learned swimming? 
Yes • -> If yes, age at the start of swimming? 
Less than 1 year old • 
1 - 2 years old • 
3 years or older • 
-> The most common place of swimming is: 
Indoor swimming pool • 
Outdoor swimming pool • 
Beach • 
Others • 
Average frequency in the past 12 months: 
3 times or more per week 口 
1 - 2 times per week • 
1 - 3 times per month 口 
Less than once per month 口 
No CI 





Don't know 口 





Don't know • 





Don't know [ 
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Don't know • 
66. How many persons did your child share the bedroom with? (your child should not be 
included in the following figures) 
At present: persons 
During the child's first year of life: persons 
67. Which of the following pets do or did you keep in your home? 
At present During.the child's first year of life 
No pets • • 
Dog • • 
Cat • • 
Other furry pets • • 
Birds • • 
Others (please specify) 口 • 
68. Does your child have regular contact with any of the following animals? 
At present During the child's first year of life 
Cows I Calves 口 口 
Pigs • • 
Chicken / Ducks/ Geese 口 口 
Horse • • 
Sheep / Goats 口 口 
Rabbits / Hare • • 
Other animals (please specifyO • 
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69. Have your child ever lived on a farm? 
No • -> (Please skip to question 62) 
Yes • If yes, during what age were your child living on a farm. 
Yes No 
0-1 years 口 [ 
2-5 years 口 口 
> 5 years • • 
Now • • 
70. What kind of farming activity does or did you practice? 
When your child was younger than 1 year old: 
Yes No 
Agricultural I Grain 口 口 
Cattle / Livestock • • 
When your child was 1-2 years old: 
Yes No 
Agricultural / Grain 口 [ 
Cattle / Livestock • • 
When your child was 2 years of age or older: 
Yes No 
Agricultural I Grain 口 口 
Cattle / Livestock • • 
At present: 
Yes ‘ No 
Agricultural I Grain 口 口 
Cattle / Livestock • • 
71. Does or did the child's mother smoke? 
At present During the child's During pregnancy 
first year of life with your child 
Yes • • • 
No • • • 
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72. Does anybody, at present, smoke inside your child's home? 
Yes • If yes, how many cigarettes in total are smoked per day in 
the child's home? 
Less than 10 cigarettes 口 
1 0 - 2 0 cigarettes • 
More than 20 cigarettes 口 
No • 
73. Which fuel do or did you use for cooking? 
At present During the child's first year of life 
曰 ectridty • • 
Gas • • 
Coal or wood 口 口 
Kerosene 口 口 
74. Which fuel do or did you use for heating? 
At present During the child's first year of life 
Gas • • 
Oil • • 
Electricity • • 
Coal or coke 口 口 
Wood • • 
Don't know 口 口 
75. Does or did your child's home have air conditioning? 
Yes • If yes, where is the location? 
Living room 口 Child's bedroom 口 
No • 
76. Does or did the child's home have damp spots or visible moulds on the walls or ceiling? 
At present During the child's first year of life 
Yes • • 
No • • 
77. What kind of floor covering is or was there in your child's bedroom? 
At present During the child's first year of life 
Carpets 口 口 
Wooden floor 口 口 
Others (please specify) 口 口 
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78. What kind of pillow does or did your child use? (tick as many boxes as apply) 
At present During the child's first year of life 
Cotton • • 
Foam • • 
Synthetic fibre • • 
Feather • • 
Others (please specify) 口 [ 
Does not use a pillow 口 口 
79. What kind of bedding does or did your child use? (tick as many boxes as apply) 
At present During the child's first year of life 
Cotton n • 
Synthetic quilt • • 
Feather quilt • • 
Blankets 口 口 
Other materials (please specify) • 口 
80. Have you made any changes in your home because your child had asthma or allergic 
problems? (tick as many boxes as apply) 
Removed pets Yes 口 If yes, at what age of the child? years 
No • 
Stopped or reduced smoking Yes 口 If yes, at what age of the child? years 
No • 
Changed bedding Yes 口 If yes, at what age of the child? years 
No • 
Stopped or reduced Yes 口 If yes, at what age of the child? years 
swimming in swimming pool No 口 
81. Did your child take paracetamol (e.g. Panadol) for pain or fever in the oast 12 months? 
Yes • If yes, how frequent in average? 
At least once per year 口 
At least once per month • 
No • 
82. Your child's body weight: kg I lb* _ body height: ml cm I feet* (* please 
select the correct unit) 
—Questionnaire End; Thank you very much for your help — 
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Appendix V: Subject report 
香 港 中 文 大 學 兒 科 學 系 
學童健康報告 
姓名： 日期： 
體重： kg 身高： cm 腰圍： cm 
肺活量測試結果 是次肺活量測試：成功/失敗 
FEVO.5： L (*參考值： I L) 
FEVO.75： L (* 參考值： - L) 
FVC: L (*參考值： I L) 
FEV0.75/FVC: % (*參考值：2 80%) 
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